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A New Pimplopterus Parasite of Argyresthia laricella 
(Hymenoptera: Ichneumonidae) 


By G. Sruart WALLEY 
Entomology Research Institute, Research Branch 
Canada Department of Agriculture 
Ottawa, Canada 


A description is offered below for an unusual species of Pimplopterus recently 
reared from the larch twig borer, Argyresthia laricella Kft., in several localities 
in Eastern Canada. I am indebted to my associate Mr. C. D. F. Miller, who first 
drew my attention to the species and the peculiar features of its ovipositor, and 
to officers at several Forest Biology laboratories in Canada, who have kindly 
provided an excellent series of reared specimens. 

The species conforms with Pimplopterus Ashm., as this genus is currently 
recognized, except for differences, noted below, in the structure of the ovipositor 
and antennal scape. These differences eventually may warrant placing the species 
in a separate genus, but until the limits of the various lissonotine genera have been 
more adequately defined it seems preferable to include it in Pimplopterus. As the 
nearctic species of this genus are at present rather poorly known taxonomically I 
have met with some difficulty in attempting to identify the species. I have not 
been able to place it among any of the previously described species, nor has Dr. 
H. K. Townes, Ann Arbor, Michigan, who kindly examined specimens at my 
request. I conclude, therefore, that it is undescribed. Among the described 
species it most Clesely resembles, in size and general appearance, such small species 
as nigricornis (Prov.), parvus (Cr.), recurvariae (Cush.), evetriae (Rohw.) and 
yakutatensis (Ashm.). Its separation especially from these is facilitated by the 
characters of the ovipositor and scape. In the present species the upper valve of 
the ovipusitor bears a weak “nodus” or crest, some distance before the apex, and 
the usual subapical notch characteristic of the Lissonotini is vestigial and is located 
very Close to the apex; also, the lower valve is sparsely, minutely denticulate along 
its lower margin, and near the apex, bears four or five, distinct, barb-like ridges. 
In addition, in this species, the scape is only moderately deeply emarginate on its 
outer side, its shortest length (distance from base of scape to base of apical 
emargination) being equal to the length of the pedicel. In other species of 
Pimplopterus the ovipositor is of the usual lissonotine type (upper valve without 
a crest and distinctly, often deeply, notched a considerable distance before apex, 
and lower valve not denticulate beneath and without, or rarely with greatly 
reduced, apical ridges) and the scape, especially in the female, is deeply emarginate, 
its shortest length being less than the length of the pedicel. 


Pimplopterus argyresthiae, new species 


Female.—Length 4.75 mm., ovipositor sheath 3.0 mm. 

Head 1.8 as broad as long and 1.3 as broad as mesonotum; temple strongly 
convex, receding at angle of about 40°, 0.5 as long anteroposteriorly as short 
diameter of eye; ocellocular line subequal to postocellar line, and equal to 1.5 times 
diameter of lateral ocellus; vertex, temple and frons subopaque, coriaceous, and 
with rather numerous fine punctures; face similar to frons but with denser punc- 
tures; head viewed from in front broader than long; eyes parallel and as long as 
width of face; clypeus rather weakly convex and distinctly but not deeply separ- 
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ated from face, twice as broad as long, lower margin broadly convex; malar space 
0.75 basal width of mandible, the latter broad at base and narrowing strongly 
distally; antenna 28 to 29-jointed, very slender, with shortest segments of flagellum 
twice as long as wide; occipital and hypostomal carinae joined very close to base 
of mandible. 

Thorax slender and slightly compressed, about twice as long as deep, sub- 
shining, coriaceous, and in most regions with numerous fine punctures; propodeum 
with sculpture mostly as in thorax but sometimes with region beyond the rather 
weak apical carina smoother and more shining; wing with areolet sessile, nervulus 
oblique and postfurcal by about 0.35 its length, nervellus perpendicular and broken 
much below middle; legs slender, claws without teeth. 

Abdomen rather slender; tergites subopaque to feebly shining, coriaceous, 
and with numerous, rather shallow, irregularly distributed punctures, and with 
traces of rugosity especially on tergites 1-3; sheath about as long as portion of body 
beyond postscutellum; ovipositor as described above. 

Black except as follows: antenna brownish black with apices of scape and 
pedicel very narrowly yellowish brown; clypeus pale brown except narrowly at 
base; palpi yellowish brown; mandible except at apex, spot at top of eye, posterior 
corner of pronotum, tegula, spot on subtegular ridge, front coxa broadly, and 
middle coxa narrowly, at apex, and greater part of front trochanters, yellowish; 
base of front coxa, and middle coxa except sometimes at apex, brownish to blackish; 
middle trochanters yellowish, stained with reddish; hind trochanters brownish, 
becoming blackish at base; all femora and front and middle tibiae dull reddish, 
with the hind femur narrowly more or less fuscous at apex; front and middle tarsi 


dull reddish; hind tibia and tarsus fuscous; stigma brownish black; apices of 
abdominal tergites, especially tergites 1 and 2, very narrowly more or less 
castaneous. 


Male.—Length 4.5 mm. 

Structure and sculpture closely resembling female. 

Black. Scape and pedicel pale yellow, except upper surface which is brown- 
ish to blackish; flagellum dark brown above and paler brown to yellowish brown 
beneath, especially on basal segments; palpi pale yellowish; mandible except at 
apex, clypeus, face, inner orbit broadly to top of eye, gena, propleurum, anterior 
margin and hind corner of pronotum, an elongate-triangular pretegular spot on 
mesonotum, tegula, spot on subtegular ridge, small spot on prepectus above and 
another on mesopleurum above coxa (the two spots sometimes joined by an 
irregular line or series of spots), spot on hind margin of mesosternum close to 
sulcus, entire front and middle coxae, and hind coxa at least at apex and more or 
less beneath, yellow; remainder of legs somewhat paler but otherwise resembling 
female; abdomen with a narrow yellowish band at apex of tergite 1, broader 
yellowish to reddish bands at apices of tergites 2-7 and yellowish bands or spots 
at bases of tergites 2-4. 

Holotype.— 2 , MacDonald’s Corners, near Kemptville, Ont., June 1, 1959. 
Forest Insect Survey No. 859-0197-02-1. No. 7201 in Canadian National Collec- 
tion, Ottawa, Ont. 

Paratypes.—13 8 8, 232 2, Nova Scotia (Great Village, Mapleton), New 
Brunswick (Canterbury in York County, Chaplam Road in Northumberland 
County, Craig Station [near Charlo] in Restigouche County, Fredericton, Little 
Bartibog in Northumberland County, Nevilles Field in York County, Route 27, 
two mi. from ject. route 4 in York County, Scotch Lake in York County, Weaver 
Station in Northumberland County), Quebec (Knowlton, Magog, Ste. Catherine), 
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Ontario (Clarendon, Emo, Kinmount, MacDonald’s Corners near Kemptville). 
The majority of the specimens emerged during late May and early June in 1957, 
1958 and 1959. Earliest and latest rearing dates are May 21 and July 9, respec- 
tively. Paratypes in United States National Museum and Townes collection. 
Host.—All the above noted material was reared from Argyresthia laricella 
Kft., by officers at Forest Biology laboratories in Nova Scotia, New Brunswick, 


Quebec, and Ontario. 
(Received June 8, 1960) 


New Ichneumonidae (Hymenoptera) from Tamarack 
By W. R. M. Mason 


Entomology Research Institute, Research Branch 
Canada Department of Agriculture 
Ottawa, Canada 


Names have been requested for the following Ichneumonidae for use in 
publications on the parasites of a lepidopterous twig borer (Argyresthia laricella 
Kft.) on tamarack (Larix laricina DuRoi). 


Phaeogenes laricellae, new species 
This species is closely related to P. epinotiae Cush. but may be distinguished 
by the very elongated and flattened thorax (of normal build in epinotiae), the 
smooth and shining clypeus (mostly coriaceous in epinotiae), and the small sub- 
apical ridge on the female hind coxa (hind coxa unarmed in female epinotiae). 


Holotype, 2 .—Length 3.8 mm. Head in dorsal aspect about twice as wide as 
long, strongly excavated behind; eye slightly wider than temple, not prominent; 
temples convex, converging behind eyes at about 90°. Head in frontal aspect 
subcircular, about 1.2 times as wide as long from vertex to apex of clypeus; face 
broad, twice as wide as long to base of clypeus, about 0.55 times as wide as head 
(Fig. 1); inner margins of eyes subparallel; clypeus highly polished and with only 
a few punctures, broadly and evenly convex, 2.5 times as wide as long, the apex 
very weakly and very broadly emarginate (Fig. 1); apical margin of clypeus sharp, 
impunctate, the central half narrowly and weakly recurved; mandibles strongly 
concave at the sides basally (Fig. 1); vertex evenly convex and raised far above top 
of eyes; malar space only one half as long as basal width of mandible. In lateral 
aspect face directed strongly downward, about 30° from the horizontal; temple 
widest below middle of eye. Ocelli moderately small and flat, forming a narrow 
triangle; stemmaticum neither differentiated nor raised. Postoccipital region much 
reduced; occipital carina meeting the hypostomal far above its lower end. Head, 
including face and frons, strongly shining and moderately sparsely, though rather 
coarsely, punctate; area around antennal sockets additionally coriaceous and bear- 
ing concentric aciculations below, and especially above, the sockets. Antenna 
short, about half as long as body, the flagellum 19-jointed and becoming gradually 
thicker toward apex; apical j joints about 1.5 times as wide as basal ones but equally 
long; joint two 1.5 times as long as wide, broadening apically; penultimate joints 
as long as broad, terete; scape obovate, narrowed toward apex (Fig. 1). 

Thorax depressed and very long, almost three times as long as deep; meso- 
notum, scutellum and propodeum forming an even flat profile as does the meso- 
sternum (Fig. 3). Mesonotum and scutellum both strongly flattened but sloping 
down to the prescutellar scrobe, which is a thin foveolate line convex anteriorly, 
notauli indicated only at the extreme base. Mesonotum, scutellum, mesosternum, 
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most of pro- and mesopleura highly polished and sparsely, but rather coarsely, 
punctate; remainder of thorax and propodeum coriaceous punctate. Propodeum 
long, evenly curved, and with only weak carinae; petiolarea and areola each about 
twice as long as wide; second lateral areas reaching far back toward hind coxae; 
transverse carinae of areola absent. 

Legs short and stout with polished, moderately coarsely punctate, coxae; hind 
coxa bearing a very small, short, semicircular, transverse ridge subapically on the 
inner ventral surface (Fig. 2). 

Abdomen long and not strongly bulging centrally, finely granular, with 
sparse, moderately coarse, punctures basally on each tergite. Petiole short and 
broad. Gastrocoeli and thyridia large and conspicuous, though only moderately 
deep; interval about half as wide as the thyridia. 

Black, the following brown; flagellum, mouthparts, tegula, wing base, all tarsi 
and trochanters, front tibia, thyridia, apical margin of second tergite. 

Allotype, 8 .— Essentially like the female. Antennae longer, thinner and 
thickly hairy; inner margins of eyes weakly convergent below; thorax and abdo- 
men slightly slimmer, the propodeum noticeably thinner and slightly angular. 
Colored more brightly as follows: Antenna black, clypeus and mandible bright 
yellow, middle and foreleg brownish beyond coxa, hind tibia brown basally, apical 
margin of second tergite brown. 

Variation.—Females; length 3-3.8 mm., flagellum 19- to 20-jointed; various 
parts of propodeal carinae, except apical transverse, often absent; in brightest 
specimens flagellum, apex of tergite two, trochanters, tarsi bright yellow brown 
and clypeus reddish brown; in the darkest only base of flagellum, distitrochanters, 
parts of tarsi and anterior tibia brown to dark brown. 

Males; carination of propodeum variable, sometimes almost ecarinate, some- 
times stronger than in the female; middle femur often black, hind tibia and tarsus 
brown to black. 

Cocoon.—Spun inside pupa of host. 

Host.—Terminal twig borer (Argyresthia laricella Kft.) on tamarack (Larix 
laricina DuRoi). 

Specimens seen.—8 6,102 @. 

Holotype: Female, Coldstream, Carleton Co., New Brunswick, July 8, 1957, 
reared from Argyresthia laricella Kft. under, F.I.S. no. 57-0195-01-2 (Canadian 
National Collection No. 7151). 

Allotype: Male, Carroll's Crossing, Northumberland Co., New Brunswick, 
July 7, 1958, reared from Argyresthia laricella Kft. under F.LS. no. 58-0089-01-3 
(C.N.C.). 

Paratypes: N.B.,6 4 6,89 ¢, all reared by the Forest Insect Survey from the 
same host, Fredericton, Scotch Lake, Nashwaaksis, and Nevilles Field in York Co., 
Halmesville, Carlisle, and Coldstream in Carleton Co., Grand River and St. 
Leonards in Madawaska Co., Burntland Bank in Victoria Co., June 30 to July 15, 
1957-59 (C.N.C.). ONT. 6, 2, reared by F.I.S. from the same host, Hillside in 
Tweed forest district, June 12-17, 1958 (C.N.C.). 


Alegina laricellae, new species 
This species closely resembles A. pinifoliae Cushman and less closely A. 
apantelis Cush. It is distinguishable from the former by its conspicuously convex 
clypeus and from the latter by its more polished, punctate face with a central 
raised area. The females of Jaricellae are further distinguished by the black face 
and hind coxae. There are also good distinctions in the host preferences. This 
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Figs. 1-3. Phaeogenes laricellae n. sp., female. 1, head in facial aspect; 2, ventral and inner 
lateral aspects of hind coxa; 3, habitus of head and thorax. 


new species attacks lepidopterous larvae boring in twigs of larch, pinifoliae attacks 
lepidopterous miners in pine needles, and apantelis attacks cocoons of Apanteles. 


Holotype, 2 Length 3 mm. excluding ovipositor. Head weakly transverse, 
a little wider than the thorax; in dorsal aspect 1.6 times as wide as long; temple not 
over 0.8 times as wide as eye, at the widest part of each; face half as wide as head; 
head about 1.3 times as wide as long from vertex to apex of clypeus. Clypeus 
about twice as wide as long; strongly convex; the apex weakly but evenly rounded, 
strongly depressed and weakly recurved; entirely smooth and polished except for 
a few basal punctures. Face with a distinctly raised central area, densely rugulo- 
punctate, but smoother and merely punctate at the sides and in the central raised 
area; frons and vertex coriaceous with sparse, fine punctures; post-occiput and 
cheeks shining and finely punctate, but only sparsely punctate anteriorly and near 
lower end of eye; lower part of cheek highly polished, nearly impunctate and 
strongly convex. Mandibles shining and punctate; not at all intumescent basally, 
being flat in cross section throughout their length. Antennal flagellum 18-jointed; 
penultimate joints about 0.9 times as wide as long. 


Thorax almost twice as long as deep or wide; surface mostly coriaceous, but 
the speculum shiny and the scutellum shiny and sparsely punctate; notauli very 
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broad and shallow, indicated only basally and of the same sculpture as the meso- 
notum; propodeum strongly, and almost completely, carinate, but lacking lateral 
longitudinal carinae; basalarea fairly large, triangular; areola five-sided, about 1.5 
times as long as wide; costulae conspicuous; petiolarea concave, about as long as 
wide; hind coxae shining and moderately densely punctate on the outer side. 

Petiole short, almost as wide apically as long, strongly arched dorsally, evenly 
broadened; surface granular-rugulose; spiracles a little behind the middle; dorsal 
carinae weak, visible only a little behind the middle; laterodorsal carinae extending 
a little behind spiracles. Second tergite granular, the median apical 0.2 shining 
and slightly intumescent; third tergite similar but only basal 0.5 granular; fourth 
tergite with basal 0.4 granular and fifth tergite with only about the basal 0.2 
granular; following tergites entirely shiny and sparsely punctate. Ovipositor 
sheath half as long as abdomen beyond first tergite. Hypopygium with straight 
apical margin and a deep, membranous, emargination basally; all other sterna 
divided into two lateral sclerotized plates. 

Color black, the following parts dark to medium brown: mouthparts, apex 
of clypeus, scape and pedicel below, trochanters, all legs except hind coxae and 
femur, the tarsi pale brown. Wings hyaline, the venation dark brown. 

Allotype, é —Resembling the holotype except in the following details: length 
2.7 mm., face a little narrower, frons and vertex shining and moderately punctate, 
coriaceous areas of head limited to small areas beside the antennal sockets and 
stemmaticum, penultimate antennal joints about two-thirds as wide as long, sides 
of pronotum shiny above and below, mesopleuron mostly smooth and polished, 
areola as long as wide, petiole about twice as long as its apical width, remainder 
of abdomen narrower than that of female, fourth and following tergites shiny and 
shallowly punctate, but much less sparsely punctate than in female. 

Color resembling that of holotype but some parts darker as follows: scape, 
pedicel and clypeus black, but annellus yellowish; all tarsi dark brown except 
extreme apex of each joint paler. 

Variation._Females: length 2.5-3.2 mm.; flagellum 17- to 18-jointed; areola 
sometimes nearly as wide as long, the sides sometimes weak or absent; color of 
hind femora sometimes brown; hind and, often middle, tarsi dark to light brown 
but apical joint of hind tarsus always dark. 

Males: length 2.3-2.7 mm.,; flagellum 17- to 19-jointed; sides of areola some- 
times weak or absent; fourth tergite sometimes granular basally; color of legs dark 
to light brown but hind coxa always black; scape and pedicel sometimes brown 
below. 

Cocoon.—Solitary; spun inside the host pupa. 

Host.—Terminal twig borer (Argyresthia laricella Kft.) on tamarack (Larix 
laricina DuRoi). 

Specimens seen.—40 6 8,552 9. 

Holotype: Female, University of New Brunswick Woodlot, Fredericton, 
New Brunswick, winter 1959, reared in laboratory from Argyresthia lariceila Kft. 
under F.1.S. No. 59-0284-10 (Canadian National Collection No. 7150). 

Allotype: Male, same data but F.1.S. No. 59-0274-3 (C.N.C.). 

Paratypes: 93 4 4 and @ @ all reared during winter from the above host and 
from these localities: N.B., Fredericton, Nashwaaksis in York Co., Scotch Lake 
in York Co., Moran Settlement in Northumberland Co. P.E.I., St. Peter’s in 
Kings Co., Poole’s Corner in Prince Co. ONT., St. Williams, Minden, Nogies’ 
Creek in Lindsay forest district (C.N.C.). 
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Summary 


Two new Ichneumonidae, both reared from pupae of twig boring lepidop- 
terous larvae (Argyresthia laricella Kft.) on tamarack (Larix laricina DuRoi) in 
Eastern Canada are described. The names are Phaeogenes laricellae Mason and 


Alegina laricellae Mason. 
(Received June 8, 1960) 


The Life History, Parasites, and Economic Status of the Larch 
Shoot Moth, Argyresthia laricella Kft. (Lepidoptera, 
Yponomeutidae), and Comparisons with A. laevigatella H.-S.* 


By D. C. Ent? ano W. L. Srppev’ 


The larva of Argyresthia laricella Kft., the larch shoot moth, bores in the 
shoots of larch killing the apical portion. It has been collected from tamarack, 
Larix laricma (DuRoi) K. Koch, European larch, L. decidua Mill., and western 
larch, L. occidentalis Nutt., but not from Japanese larch, L. leptolepis (Sieb. and 
Zucc.) Gord., nor alpine larch, L. /yalli Parl., although Japanese larch trees were 
examined at Fredericton, New Brunswick, and near Burlington, Vermont. This 
insect has never been considered a serious pest. 

A. laricella was reared and described by Kearfott (1908) from specimens 
collected from tamarack near Ottawa. It was apparently not noticed again until 
June, 1955, when T. N. Freeman collected it in considerable numbers from the 
same bog. The records and observations of 1908 were mentioned by Forbes 
(1923) and Peirson (1927). Fidt and Sippell (1958) briefly recorded its known 
distribution up to the end of 1957 with a list of 11-parasites and notes on the 
life history. A. Jaricella is known from all Canadian provinces but Saskatchewan 
(Fig. 1). The host trees recorded are western larch in British Columbia, 
tamarack in all other provinces and European larch in southern Ontario. Damage 
of the type caused by this insect was common on tamarack in northern Michigan 
in 1951 (F. E. Webb, private communication), but otherwise we have no 
knowledge of its presence in the United States. The known North American 
distribution reflects the intensity of search rather than the actual distribution and 
it seems probable that its occurrence coincides with the natural distribution of 
its native hosts. 

Since 1958 the insect has been studied intensively in New Brunswick and 
Ontario and this paper presents the results of these studies. In addition, A. 
laricella is compared with Argyresthia laevigatella H.-S. because the latter is an 
important insect that occupies an equivalent ecological niche in Europe. 


Life History 

A. laricella has one generation each year and overwinters in the last larval 
instar. In New Brunswick the fifth-instar larvae pupate in early June. The 
adults emerge between mid-June and mid-July and lay eggs in July. The larvae 
feed through late summer and fall, moulting four times before entering dormancy. 
Fig. 2 shows the seasonal occurrence of each stage at Fredericton in 1958. In 
1957 pupation and emergence occurred about the same time; in 1959 emergence 
began about one week earlier, but lasted until July 22. 
Cana contribution No. 672, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 


2Research Officer, Forest Biology Laboratory, Fredericton, New Brunswick. 
3Research Officer, Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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Fic. 1. Map of Canada showing the known distribution of A. Jaricella. Some points 
have been omitted where coalescence of dots would occur. 


In northern Ontario, pupation and emergence occur at about the same time as 


in New Brunswick; in southern Ontario, considerably earlier. At St. Williams, 
Norfolk Co., pupation occurs during the last half of April and moths emerge 
during the last week of May and the first three weeks of June. This reflects 
the difference in length of season in different parts of the country. Differences 
between years are less obvious. 


Egg (Fig. 3) 

The eggs are usually laid on the scales of the previous year’s terminal bud, 
at the base of a new shoot. Usually they are found on the inside of the scales, 
wedged deeply between the scales and the basal leaves of the shoot, but they 
occur also on the outside of the curled scales, Occasionally they are found on 
the bases of lateral leaf tufts of the previous year’s growth or on the bases of 
lateral buds of the current growth 

In the field, eggs are usually laid individually on separate shoots. Eggs are 
laid as early as July 5 at Fredericton; the incubation period is approximately 
18 days. 


Larva 

After hatch, the larva crawls along the shoot and cuts a small hole about 
0.1 mm. in diameter, through which it enters the tissue (Fig. 4). The distance 
between the entrance hole and the base of the shoot varies but is usually under 
5 mm. on tamarack (Fig. 7). When the entrance hole is farther than this from 
the base of the shoot, as happens more frequently on European larch, the egg 
was probably laid on the new shoot, near the base of a leaf or bud. The entrance 
hole is generally cut in the centre of a decurrent ridge, although it may also be 
found on the side of a ridge, or in a leaf axil. 

The first-instar larva (July 23 to August 18 at Fredericton) mines with its 
venter toward the axis of the shoot. It feeds for a distance of about 10 mm. in 
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5th instar (spring) mal 
Adult aan 





Egg Cosas 
Ist instar os 


2nd instar a 4 
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Fic. 2. Life history chart for A. Jaricella at Fredericton, 1958. 



































the green succulent inner cortex of decurrent ridges, between the resin ducts 
(Fig. 8). When a leaf base is reached the larva turns, burrows deeper so that 
it avoids the resin ducts and the cleft between the ridges, and moves to another 
ridge. The larva tends to remain on the underside of the shoot, making an almost 
equal number of left and right turns. 


The second-instar larva (August 8 to September 6 at Fredericton) behaves 
similarly but the gallery is slightly wider and deeper (Fig. 9) and usually longer. 

The third-instar larva (August 21 to September 6) usually makes a gallery 
15 to 20 mm. long and does not always avoid the resin ducts (Fig. 10). 


The fourth-instar larva (September 6 to September 25) occupies most of 
the inner cortex of the decurrert ridge and usually penetrates the xylem (Figs. 
11 and 12). In short shoots, larvae of this stage often reach and hollow out 
the apical bud. 

The fifth-instar larva spirals back and mines toward the base of the shoot. 
The larva burrows deeply, and in small shoots it devours all but the outer cortex. 
It may also excavate the pulvini and lateral buds. In large shoots the larva may 
penetrate the xylem only as far as the pith (Fig. 13) in which case the gallery 
spirals around the shoot in either direction avoiding the earlier gallery. In 
fifth-instar galleries occasional loose silk partitions are made between the larva 
and its frass. In one instance, where two larvae had attacked the same shoot, 
and one larva had killed the other, three successive partitions were found between 
the victor and its victim. That portion of the shoot beyond the fifth-instar 
gallery almost always dies. 

The fifth-instar larva lines the last 3 or 4 mm. of its gallery with silk and 
here overwinters. The silk lining is thickest at the end of the gallery near the 
head of the larva. Behind the larva is a gap of several millimetres beyond which 
the gallery is filled with frass back to the entrance hole. 

A typical gallery as it appears after cessation of feeding in the fall is shown 
in Fig. 14. 

There is no diapause. Larvae collected at any time during the winter 
become active shortly after they are placed in a warm room. Differences in the 
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i 5 


Fics. 3 to 6. A. laricella. 3, Egg at base of leaf tuft. 4, Entrance hole near base of shoot. 
5, Exit hole with silken membrane. 6, Adult. 
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Fic. 7. Position of entrance holes based on 68 observations at Fredericton in 1958 
(locations at 40 and 47 mm. are not shown). 


galleries between éarly October and mid-April at St. W illiams indicate that larvae 
feed during this pe riod; overw intering larvae will feed in a room kept at 40° F. 

In the spring, the fifth-instar larva resumes feeding and burrows for a distance 
of 10 to 15 mm. toward the base of the shoot. Periodically it cuts small irregular 
holes in the outer cortex, ejects frass, and seals the holes with silk. Finally it 
cuts an exit hole about 0.7 mm. in diameter at the upper end of the chamber, 
seals it with silk (Fig. 5), and pupates in a silk-lined chamber about 10 mm. long 
at the end of the gallery. 

Differences in the size of frass pellets of the five larval stages are distinguish- 
able under low magnification and aid in locating the exuviae or in otherwise 
identifying the instar. The approximate sizes are as follows: 


Instar l 2 3 - 5 
Diameter of frass 
particle (mm.) 0.02 0.03 0.04 0.06 0.08-0.10 


The frass within the galleries of early instar larvae is dark brown to black. 
In the fifth instar, when considerable xy lem is consumed, the frass becomes lighter 
in colour and parts of the pellets are nearly buff. 


Pupa 

Pupation takes place within three days after the exit hole has been made. 
Fifth-instar larvae have been collected as late as June 10 (1957) in New Brunswick 
and pupae have been collected as early as the last week of April in southern 
Ontario. Pupation takes place about 4 mm. from the exit hole with the anterior 
end of the pupa always directed toward the exit hole. The last larval exugjae 
are deposited behind the pupa and therefore do not interfere with the emergence 
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of the moth which occurs about 24 days after pupation. Fig. 15 shows an 
infested tamarack shoot cut to expose the pupation chamber. 


Adult (Fig. 6) 

Moths are inactive on the foliage throughout most of the day, apparently 
mating only during the late morning of warm days. At Fredericton, one virgin 
female caged on a single larch shoot with one male laid 52 eggs. The female was 
dissected and contained four more fully developed eggs and about 12 distinguish- 
able odcytes. Based on dead pupae and pupal cases dissected from shoots col- 
lected throughout the Maritimes, the sex ratio was about 1 : 1 (111 males and 
117 females). In Ontario, the sex ratio of moths reared was about 3 : 5 (75 males 
and 129 females). The reason for the difference is not known. A slight pro- 
tandry was noted in Ontario. 


Associated Insects and other Arthropods 

Apart from parasites and predators, a number of other arthropods are 
commonly found in A. Jaricella galleries. The most interesting of these are 
chalcidoid scavengers that feed on the cadaver left by larval and pupal endo- 
parasites. In New Brunswick in 1959, chalcidoids were found feeding on one 
in every 12 cadavers left by Apanteles laricellae Mason. Euderus cushmani 
(Cwfd.), the only scavenger identified, behaves also as a primary and secondary 
parasite of A. Jaricella. ; 

Several species of mites, spiders, and lepidopterous larvae were observed 
in old galleries. The commonest mite was Tydeus sp.*, a scavenger commonly 


found in such places. The commonest lepidopterous larva found was a 
Recurvaria sp. 


Mortality Factors 


Mortality factors were studied by dissecting, throughout the season, shoots 
attacked the previous year, and rearing living material. Most collections were 
taken shortly before adults began to emerge and the infested shoots were placed 
in individual vials for rearing, because the maximum information could be ob- 
tained at this time. Limited information was obtained from winter collections. 


Parasites 

The known parasites of A. Jaricella are: 

Ichneumonidae: Alegina laricellae Mason, Exeristes comstockii (Cress.), 
Phaeogenes laricellae Mason, Pimplopterus argyresthiae Walley. 

Braconidae: A gathis pumila (Ratz.), Apanteles laricellae Mason, Apanteles sp. 
near paralechiae Mues., Bracon sp., Chelonus sp. 

Eulophidae: Euderus cushmani (Cwfd.), Euderus argyresthiae (Cwfd.) 

Eupelmidae: Eupelmella vesicularis (Ret.) 

Pteromalidae: Habrocytus sp. 

Eurytomidae: Eurytoma sp. 

Chalcididae: Spilochalcis albifrons (Walsh). 

Apanteles sp. probably rohweri Mues., Colastes sp., and Gelis obscurus Cress. 
were reported by Eidt and Sippell (1958) in error. 

Alegina laricellae Mason (1960). This ichneumonid is a*pupal endoparasite 
with no other known hosts. It was recorded from western Newfoundland, 
Prince Edward Island, central New Brunswick, and southern Ontario. It was 
found by rearing successive collections from St. Williams, Ont., that it attacked 

host pupae during the last half of May. In Ontario, specimens emerged from 

4Determined by Miss H. J. Herbert, Canada Agriculture Research Station, Kentville, N.S. 
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Figs. 8 to 14. A. laricella. 8 to 13, Diagrammatic cross sections of a tamarack shoot 
with a larval gallery. 8, First instar. 9, Second instar. 10, Third instar. 11 and 12, Fourth instar. 
13, Fifth instar. The central barred portion represents the pupal cell. 14, Gallery in a 
tamarack shoot after cessation of feeding in the fall. Parts of the mine on the far side of the 
shoot are stippled. 
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field-collected hosts in the laboratory between June 4 and November 20. In 
New Brunswick and Prince Edward Island, some specimens emerged in the fall 
but others entered diapause and emerged after exposure to continuous illumination 
for 18 days and one only after exposure to low temperatures. On emerging it 
either cuts a jagged hole at the anterior end of the pupa leaving the vertex or a 
part of it attached by a narrow piece, or it cuts off the anterior end of the pupa 
completely, back as far as the metathorax. The sexes occur in approximately 
equal numbers. This species was apparently the most important parasite of A. 
laricella at St. Williams in 1958 when it issued from over 22 per cent of 328 
individuals collected, but in 1957 and 1959 it was reared from only one of 116 
hosts. In other parts of Ontario it was reared from seven per cent or less 
each year. In New Brunswick in 1959 about 10 per cent of the hosts collected 
were parasitized by Alegina laricellae. 


Exeristes comstockii (Cress.). Three specimens of this ectoparasite were 
recorded from A. Jaricella from St. Williams in 1957. These records could not 
be confirmed by later rearings. 


Phaeogenes laricellae Mason (1960). This is a pupal endoparasite with no 
other known hosts. It was recorded from many parts of New Brunswick, and 
from Hastings and Haliburton counties, Ontario. The stage of the host attacked 
is not known, nor is the means of overwintering. It issues from the host pupa 
between mid-June and mid-August but most frequently in early July after most 
host adults have appeared. The empty pupal case does not differ from those 
vacated by Alegina laricellae. In New Brunswick parasitism based on emergences 
from 1957 to 1959 ranged from about 4 to 8 per cent. In Ontario, P. laricellae 
was not obtained in 1956, 1957, and 1959, and only 2 of 373 hosts reared in 1958 
were parasitized. 


Pimplopterus argyresthiae Walley (1960). This is a larval endoparasite 
with no other known hosts. It is widespread in New Brunswick, southern 
Quebec, and southern Ontario, and is also known in central Nova Scotia, Prince 
Edward Island, northwestern Ontario, and southern Alberta. The life history 
is incompletely known but it resembles that of Apanteles laricellae. It probably 
attacks early instar larvae. The host, in which the parasite overwinters, feeds 
normally for about 10 days in the spring, before the parasite kills and leaves it. 
The parasite pupates w ithin a thin silken cocoon, about six mm. long, that fills 
the lower end of the host pupation chamber. The pupal stage lasts about 
13 days in the laboratory. The parasite adult escapes through the exit hole cut 
by its host. In New Brunswick in 1957 and 1958, emergence took place between 
June 6 and 19, but in 1959 all had emerged by June 4. In southern Ontario 
emergence took place in May. In New Brunswick it parasitized about eight 
per cent of the hosts collected in 1958 and 1959. Of 49 specimens collected in 
New Brunswick in 1959, three died as pupae, 12 failed to emerge, and five were 
hy perparasitized. Undoubtedly a greater portion of this mortality was due to 
hy perparasitism because the hy perparasites are easily overlooked. P. argyresthiae 
is evidently of less importance in Ontario where it issued from only 11 of 891 
hosts reared from 1956 to 1959. 

Agathis pumila (Ratz.). One specimen was reared in New Brunswick and 
four in southern Ontario; all emerged between June 15 and July 10. This parasite 
was introduced against Coleophora laricella Hbn. and has not been recorded from 
any other host, hence the records are questionable. Care was taken to remove 
all C. laricella cases from these shoots and no adults of C. laricella appeared in 
any of the rearings. 
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Fics. 15 to 17. A. laricella. 15, Infested shoot cut to expose gallery showing pupal case 
in pupation chamber (right centre), exit hole (centre), frass-filled gallery (left centre). A 
portion of the frass-packed larval gallery is visible at left. All tissue to the left (distad) of the 
pupal case is dead; all tissue to the right (proximad) is alive. 16, Dead tamarack leader at 
Fredericton, killed by attack on previous year’s growth, 17, Dead tamarack leader at Frederic- 
ton. Note shoots from lateral buds taking over, 
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Apanteles laricellae Mason (1959). This larval endoparasite is found in 
central Nova Scotia and is widespread in New Brunswick, southern Quebec, and 
Ontario. Sampling and rearing were not extensive enough to determine if it 
occurs elsewhere, but it is certainly the most effective parasite in New Brunswick 
and probably occurs throughout ‘the range of A. laricella. Apanteles laricellae 
has no other known host; a single doubtful record from C. Jaricella in Ontario 
reported by Mason (1959) probably resulted from contamination. The stage 
of the host attacked is unknown, but the adults are about when the host moth 
is in flight and it therefore probably attacks early instar larvae. It overwinters in 
the fifth-instar larva of its host which feeds normally in the spring. After the 
host pupation chamber is prepared and the exit hole is cut and sealed with silk, 
the parasite larva kills the host and leaves it. It pupates within a thin silken 
cocoon at the lower end of the host pupation chamber. The cocoon is about 
three mm. long and fills the diameter of the gallery. The anterior end is truncate 
with a slightly thicker wall and an impressed rupture line, forming a cap. On 
emerging, the parasite cuts around the cap at the rupture line and forces its way 
through the membrane over the host exit hole. This occurs before and during 
the first part of the host emergence period and lasts about two weeks, beginning 
the last week in May or the first week in June depending on locality and season. 
The sexes occur in approximately equal numbers. Parasitism by Apanteles lari- 
cellae was 8 and 18 per cent in New Brunswick in 1957 and 1958 and 12, 8, 13, 
and 11 per cent in Ontario from 1956 to 1959 based on adults emerged. In New 
Brunswick in 1959 parasitism was found to be 32 per cent when Apanteles 
laricellae that did not emerge were considered and the above figures are therefore 
lower than the actual values. Of 176 reared, eight died as pupae, 27 failed to 
emerge and 12 were killed by hyperparasites. Undoubtedly more of this mor- 
tality was due iv hy perparasitism ‘because the hy perparasites are easily overlooked. 
The larva of Apanteles laricellae \eaves about half the internal tissue of its host 
uneaten. The remaining tissue is frequently food for chalcidoid scav engers such 
as E. cushmani. 

Apanteles sp. near paralechiae Mues. One specimen was reared from a mass 
rearing of infested shoots from Fredericton, therefore this record is doubtful. 


Bracon sp. Five individuals, one from New Brunswick, one from Quebec, 
and three from southern Ontario were reared. Female specimens among them 
were determined to be a new species. 


/ 
Chelonus sp. One specimen was obtained from a mass rearing at Fredericton. 
This record is doubtful. 


Euderus cushmani (Cwfd.). This eulophid was reared from A. Jaricella 
collected in New Brunswick and southern Ontario. It behaves as a primary 
ectoparasite, a secondary ectoparasite, or a scavenger on the larval or pupal 
cadaver left by a primary parasite. Twenty-one specimens were reared in New 
Brunswick and four in Ontario. When E. cushmani attacks pupal endoparasites, 
it pupates within the pupal case of A. l/aricella and emerges from it by cutting 
a hole about 0.7 mm. in diameter, leaving its own pupal case and the uneaten 
portion of the primary parasite larva within. Pupae from which E. cushmani 
emerged are therefore easily distinguished from those vacated by primary para- 
sites. When it attacks A. Jaricella larvae or larval cadavers, it pupates naked 
within the gallery; when it attacks larval endoparasites it pupates within the 
host cocoon. All individuals emerged between June 14 and August 14; those 
that attacked pupal endoparasites emerged last. This species has been recorded 
from several other lepidopterous concealed feeders, and Keifer and Jones (1933) 





THE CANADIAN ENTOMOLOGIST 


Fic. 18. Shoots of European larch killed by A. laricella at : pot (arrows). Note 
mis-shapen tree tops. 


have recorded limited observations on its Malogy as a parasite of Anarsia lineatella 
Zell. 

Euderus argyresthiae (Cwfd.). Three specimens were identified by C. D. F. 
Miller, who believes it is conspecific with E. cushmani. They were collected as 
ectoparasites of fourth-instar and fifth-instar larvae near Fredericton, on 
November 13, 1959. They pupated in the laboratory about November 27 and 
emerged about 12 days later. 

Eupelmella vesicularis (Ret.). One specimen was reared from a pupa of 
Apanteles laricellae collected in New Brunswick. It occurred with one Habro- 
cytus sp. and emerged on July 14, 1959. It has a wide distribution in North 
America and Europe, and many diversified hosts (Muesebeck et al., 1951). 

Habrocytus sp. poss. thyridopterigis How. Forty-six specimens were 
reared from New Brunswick, southern Quebec, and southern and northwestern 
Ontario, and emerged between May 23 and July 9. Five specimens reared in 
New Brunswick were secondary ectoparasites; one on a pupa of P. argyresthiae 
and four on pupae of Apanteles laricellae. The biology of H. thyridopterigis 
is described by Cushman (1927) and Doner (1936). 

Eurytoma sp. One specimen emerged from an infested shoot collected at 
St. Williams. Members of this genus have a wide range of hosts; most or all 
of them live in galls, grass stems, and other concealed habitats. Thus the record 
probably is valid, although incidental. 

Spilochalcis albifrons (Walsh). This species was reared from A. IJaricella 
in Ontario and New Brunswick. It attacks a wide variety of other hosts 
throughout most of North America (Muesebeck et al., 1951). The life history 
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of S. albifrons has not been studied in detail. Successive collections at St. 
Williams in 1958 showed that it attacked the late host pupal stage. All specimens 
reared from A. Jaricella emerged between June 1 and July 15, these from New 
Brunswick about three weeks later than those from southern Ontario. Raizenne 
(1952) records it as emerging from Bomolocha deceptalis Wk. in late October 
which suggests more than one generation per year. On emerging, S. albifrons 
cuts off the anterior end of the host pupal case, which thus resembles those vacated 
by P. argyresthiae or Alegina laricellae. One specimen was reared from a host 
larva in New Brunswick; it left the host to pupate. In 1958, S. albifrons emerged 
from up to 19 per cent of the pupae reared from St. Williams but parasitized a 
very small portion of the host population elsewhere. 


Other Parasites. One empty chalcidoid pupal case was found in a gallery 
with the cadaver of a second-instar larva, and two chalcidoid pupal cases were 
found in galleries of fourth-instar larvae. No attempt was made to detect egg 
parasites, because the eggs are virtually impossible to find in the field. 


In Tables I and II the relative importance of the parasites of fifth-instar 
larvae and pupae in New Brunswick in 1959 is indicated. The data are based on 
550 shoots infested in 1958 and collected between May 11 and October 23. All 
were dissected and living material found was reared. It was possible to determine 
the fate of the larvae or pupae even after all living material had left the shoot 
because the signs were there. All, except a few pupae that may have been 
collected too early, were exposed to parasite attack. The difference between 
the number remaining at the end of Table I (234) and the starting number in 
Table II (225) is due to accidental losses in handling. The 13 undetermined 
larval endoparasites were probably Apanteles laricellae and P. argyresthiae, but 
they died in an immature stage or emerged in the field, and were not distinguished 
early in the study. The 46 undetermined pupal endoparasites were probably 
P. laricellae, Alegina laricellae, and possibly S. albifrons, but all died as larvae, at 
least eight as a result of hyperparasitism. 

Parasitism by Apanteles laricellae killed more individuals in 1959 than any 
other factor. Less precise observations in 1957 and 1958 indicated the same 
thing. Other parasites of importance were P. argyresthiae, P. laricellae, and 
Alegina laricellae. 


The parasite complex in Ontario was composed mainly of five species: 
Alegina laricellae, Apanteles laricellae, P. argyresthiae, and S. albifrons. Habro- 
cytus sp., a secondary parasite, was also found fairly consistently. P. laricellae, 
in contrast with observations in New Brunswick, was apparently not abundant. 
Alegina laricellae was most important at St. Williams. Apanteles laricellae was 
never collected there but it was the most important parasite elsewhere. 


Pupae containing endoparasites may be distinguished from healthy pupae. 
The pupal wall darkens as the development of the parasite proceeds until it 
becomes nearly black, and the anterior end of the pupa bears black marks or 
scars apparently made by the ovipositor of the parasite. 


Predators 

Birds have not been observed attacking A. Jaricella, but there is evidence 
that they do so. Two shoots collected in New Brunswick had apparently been 
opened by birds. Infested shoots that had evidently been forced open were 
found in parts of Ontario, and in a European larch plantation at St. Williams in 
1957, these constituted over 50 per cent of the total shoots observed. The degree 
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TABLE I 
Mortality of 550 fifth-instar larvae of 
the 1958-59 generation of A. laricella in New Brunswick 
obtained by dissecting infested shoots in 1959 





Mortality factor Number Per cent 
dying mortality 


Undetermined (before exit cut) 43 7.8 
Twig broken in winter 0.2 
Undetermined (after exit cut) 24 4.4 

Undetermined 68 
A panteles laricellae 
Pimplopterus argyresthiae 
Spiiochalcis albifrons 
Euderus cushmani 
Euderus +undet. ectoparasite 
Undetermined endoparasites 
Undetermined ectoparasites 

Parasitism 
Birds? 

Predation? 

Total 


_ 
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ape fe ale we we 


w 
—_ 


*the remainder, 234, pupated 


of development of the empty gallery indicated that the attack occurred between 
late summer and early May. Evidence of predation by birds was also found in 
British Columbia. 

Eight pupae collected in New Brunswick in 1959 had apparently been killed 
by hemerobiids. In two of these the hemerobiid larvae were found within the 
gallery; the host pupa had collapsed bilaterally and black marks or scars, probably 
caused by the mandibles of the predator, were present. The other six pupae 
were similar, but the predator was absent. Attempts to rear the hemerobiids 
were unsuccessful. 


TABLE II 
Mortality of 225 pupae of the 
1958-59 generation of A. laricella in New Brunswick 
obtained by dissec ting shoots in 1959 


. r | 
Mortality factor | Number | Per cent 


dying | mortality 





Phaeogenes lariceliae 17 7.6 
Alegina laricellae 44 19.5 
Spilochalcis albifrons 2 0.9 
Undetermined endoparasites 46 20.4 
Parasitism 109 48.4 
Hemerobiids 0.9 
Probably hemerobiids 2.7 
Birds 0.4 
Predation 4.0 
Undetermined 29 12.9 
Total 65.3 











the 1 re enniedet, 78, ik pvedeced moths 
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Diseases 

A number of larvae and pupae suspected of being diseased were checked at 
Fredericton and by the Insect Pathology Research Institute, Sault Ste. Marie. 
All were negative. 


Competition 

Multiple attack occurs occasionally; all but one of the attacking larvae 
usually die. The mortality occurs largely in the early stages, when one larva 
overtakes, bites, and kills, but does not eat another. 


Economic Importance 


Dead shoot tips caused by this insect are easily seen after the foliage flushes 
in the spring (Fig. 18). Below seven feet from the ground on tamarack trees, 
generally only one or two were found. Contrary to an earlier report (Eidt, 
1959), the leading shoot is sometimes killed (Figs. 16 and 17), in which case 
temporary crooking or occasional double leaders result. At St. Williams, where 
European larch has been attacked more sev erely for several years, the crowns of 
most trees were deformed and infested leaders were common (4 of 25 examined 
in 1957). 

On European larch a greater length of shoot is destroyed, because shoot 
length averages nearly twice that of tamarack. The results of attack on European 
larch also differ in that about five per cent of the infested shoots do not die until 
after the foliage flushes, when the needles wilt, turn brown, and adhere to the 
tree for some time. This seldom happens on tamarack, and then only on thick 
vigorous shoots such as the leader shown in Fig. 16. Rarely on thick shoots of 
both species sufficient vascular tissue remains to bridge the injury and the shoot 
survives. 

Numbers of this insect are low in the Atlantic Provinces. Samples were 
taken from tamarack during the winter of 1958-59 in all four provinces. They 
consisted of a number of shoots, usually near 1,000, collected at random from 
the lower 10 feet of crown from trees of all ages growing in the open. These 
shoots were examined by drawing them between the thumb and fore-finger so 
as to bend them. Infested shoots broke easily at the site of damage. This is 
essentially the same method Loos (1898) used to detect overwintering larvae of 
A. laevigatella in dormant shoots. The analysis of these samples is tabulated: 


Samples : s arv Larvae/1000 shoots 


13 | 3: | 4.1 
| 3,895 6.7 
N.S. 9,023 2.8 





Nfld. 1,359 


*Only one in S.W. half 


In Ontario, populations on tamarack are variable. In many forest districts 
intensive searching was necessary to detect the insect. West of Lake Nipigon 
and south of Lake Nipissing, populations were higher than in northeastern On- 
tario. The highest incidence of attack on tamarack was at Sauble Beach, Bruce 
County, where 124 attacks per 1,000 shoots were counted in 1959. This figure 
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TABLE III 

Analysis of variance of larvae/1000 shoots from 
five samples at each of five levels on 

each of five 1 trees 


Source F. M.S. 


Trees 46.0576 
Levels 77.4336 
Error 116 27.7610 
Total 
Refined analysis: 

10’ vs. rest 

20’ vs. 30’+40’+50’ 

30’ vs. 40’+50’ 

40’ vs. 50’ 

Trees x levels 

Error 


*Significant at 5% point 


was obtained by removing mid-crown branches from a number of open- growing 
trees and examining every shoot. One whole tree sample from each of nine other 
localities in w idely separated parts of Ontario yielded a total of 19 larvae in 
5,227 shoots or 3.6 larvae/1000 shoots. Most plantations of European larch in 
southern Ontario support low numbers, but at St. Williams, where the trees 
average 25 feet in height, there were about 140 dead shoots per tree in 1959. At 
St. Williams all shoots killed by A. Jaricella and still adhering to the trees were 
counted, whereas elsewhere only those killed by nd current population were 
counted. 

Five samples, each consisting of the shoots from one branch, were taken 
from each of five levels from each of five tamarack trees near Fredericton in 1959. 
The population on these trees, based on 15,415 shoots examined, was 2.3 larvae / 
1000 shoots. An analysis of variance showed that the difference in numbers 
between levels is significant ( (Table Ill). However, the refined analysis showed 
that this is largely due to the significant difference between the 10-foot level 
and the other four levels. A higher portion of the shoots at the bottom of the 
trees were infested, which suggests that attack might be more intense on 
small trees. 

Discussion 

Argyresthia is a large genus, the larvae of which mine leaves, buds, twigs, 
and fruits of a number of deciduous and coniferous hosts in Europe, Asia, and 
North America. A. laricella is the only species of Argyresthia known to attack 
larch in North America. A. laevigatella causes similar damage to larch in Europe 
and is of considerable economic importance; a number of papers have described 
its depredations, life history, and control (Beirne, 1942; Kratochvil, 1943; 
Fidmann, 1960; and others). 

The life history and damage of A. Jaricella and A. laevigatella differ only in 
a few details. The eges of A. laevigatella are usually laid in the axils of the leaves 
on new shoots (Eidmann, 1°60), quite near the tip (Beirne, 1942), in the vicinity 
of the terminal bud (Kratochvil, 1943), and occasionally on the prev ious year’s 
growth (Loos, 1898), whereas those of A. /aricella are usually laid at the base 
of the shoot. Eidmann found that the entrance hole averages about 57 mm. 
from the base of the shoot, The exit hole is larger than that of A, laricella and 
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is variously given as 1.0-1.5 mm. in diameter, Escherich, (1931), 1.5 mm. (Beirne, 
1942), 1.0-1.4 mm. (Kratochvil, 1943), and 0.9 by 1.1 mm. but oval (Eidmann, 
1960). 

A. laevigatella is considerably more important in Europe than A. Jaricella 
is in Canada because larch is more important and is apparently more seriously 
damaged. Loos (1898) found as many as 100 infested shoots on one 3 m. high 
tree in Germany in 1895. Green (1920) stated that in England A. Jaevigatella 
threatened to become more important than Pristiphora erichsonii (Htg.), the 
most important larch insect in the country at the time. Munro (1920) found it 
more injurious in young plantations than Coleophora laricella and Somerville 
(1907) said it could kill trees. Kratochvil found 35 to 50 infested shoots on each 
of several 3 m. high larches in West Moravia and stated that such a condition is 
considered serious. Irvine (1911) commented that leaders are often lost and 
also that young trees in nursery rows are attacked. Green (1920) attributed 
the frequent occurrence of multiple leaders, especially on Japanese larch, to 
this insect. 

Generally speaking, infestations of A. Jaricella as high as those reported of 
A. laevigatella have not been observed. However, the population on European 
larch at St. Williams was sufficiently high to cause deformation of the crowns. 
Also the population on tamarack trees at Sauble Beach, Ont., was close to the 
highest observed for A. laevigatella. The only instance of anything that could 
be called an outbreak of A. Jaricella on record, previous to this investigation, 
was the high incidence of the insect noted by T. N. Freeman near Ottawa (Eidt 
and Sippell, 1958). Although the species has been known since 1908, it has 
apparently never since attracted attention because of its damage except in this 
one case. Undoubtedly the damage has been frequently overlooked or attributed 
to some other factor. 

The most important single factor in the natural control of A. Jaevigatella is 
considered to be bird predation. Irvine (1911) estimated a larval mortality of 
up to 50 per cent due to birds, and Beirne (1942) observed a larval mortality 
of 67 per cent. Kratochvil (1943) gave figures for 10 locations, the highest of 
which is 37 per cent and most of which are five per cent or lower. A total of 
13 species of hymenopterous parasites of A. Jaevigatella were recorded by 
Eidmann (1960), Beirne (1942), and Kratochvil (1943). Only Kratochvil found 
parasitism of any magnitude but this was npt consistent from one locality to 
another. No parasites of either moth are known to be common to both. A. 
laricella has four parasites, Apanteles laricellae, Alegina laricellae, P. laricellae, 
and P. argyresthiae, that might be useful in a biological control program against 
A. laevigatella. Although the need is not so likely to arise, some of the parasites 
of A. laevigatella might be useful against A. laricella. 

Kratochvil mentioned fungal, bacterial, and virus diseases of A. laevigatella, 
but their role is minor; no diseases of A. Jaricella are known. 

The life histories of both those species indicate that chemical control might 
be feasible only at the peak of moth flight or between hatch and the time when 
the larvae enter the shoots. 

A. laricella shows promise as a good subject for the study of population 
dynamics. It is apparently an endemic species with narrow population fluctua- 
tions at low levels but is easy to collect. It has no diapause and is easy to rear. 
Its parasites are easily reared and identified, and most of them, judging by the 
number of new species found, are host specific. It would be extremely difficult 
to assess predation by birds and factors that have their effect in the first year 
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of development, but it is unlikely that any of these are controlling factors at 
low population levels. The controlling factor or factors are probably among the 
parasites of the late larval or pupal stages. Data on the number of hosts vulnerable 
to attack, the number of parasites searching, and the number of hosts attacked 
can be obtained directly by adjusting the data in Tables I and II and parasite 
mortality data not tabulated using population figures obtained by winter sampling. 
Over a period of years such data can be used to study the interaction of the more 
important primary and secondary parasites using a mathematical approach in the 
manner of Watt (1959) and Holling (1959). 


Summary 


Argyresthia laricella Kft., the larch shoot moth, has been found in every 
province of Canada except Saskatchewan. It occurs on Larix laricina, L. decidua, 
and L. occidentalis. The eggs are laid at the bases of larch shoots in early 
summer. The larvae feed within the shoots, overwinter, and pupate in the spring. 
Pupation occurs between late April and late June, depending upon locality. The 
moths appear between three and four weeks later. Several species of parasites 
have been reared, four of which appear to be important. Because numbers are 
generally low and leaders seldom attacked, the insect is not economically im- 
portant. A. Jaricella is compared with A. Jaevigatella, a pest that occupies an 
equivalent ecological niche in Europe, and is suggested as a source of parasites 
for introduction against the European species. The potential value of A. laricella 
as a subject for study of population dynamics is mentioned. 
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The Morphology of the Larch Shoot Moth, Argyresthia laricella 
Kft. (Lepidoptera: Yponomeutidae), and Comparisons with 
A. laevigatella H.-S.’ 


By D. C. Emr? 


Two species of moths are known to kill shoots of larch (Larix) by mining 
them: Argyresthia laricella Kearfott in Canada and A. laevigatella Herrick- Schiffer 
in Europe. The biology and economic status of these insects are compared by 
Fidt and Sippell (1961). 

Opinions differ as to whether the Argyresthia on larch in Europe are one, 
two, or three species (Edwards, 1911; Grosvenor, 1911; Adkin, 1918). Beirne 
(1942) believes that only one species is involved but Kratochvil (1943), who did 
not know of Beirne’s work, recognized two species. A. atmoriella Bankes in 
England and Silesia; A. Jaevigatella in central Europe. I have referred to all 
European material as A. laevigatella. 

‘Supericiety A. laricella and A. laevigatella are indistinguishable and have 
similar life histories and habits. For this reason, and because they may some day 
be found in the same place, A. /aricella is described and A. laevigatella is compared 
with it. Other yponomeutids are mentioned where their morphological features 
are of interest. 

The nomenclature of the larval setae is that of Hinton (1946). The drawings 
were prepared with the aid of a squared ocular disk or a microprojector. Materiai 
for study was collected or reared as follows: A. laricella, all stages, New Brunswick 
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and Prince Edward Island, larvae and pupae, Nova Scotia, larvae and adults, 
Ontario; A. Jaevigatella, larvae, England and Sweden, pupae, Sweden, adults, 
Germany and Sweden. 
A, laricella 

Egg (Fig. 1) 

Ivory, later pale dirty yellow, opaque. Surface with numerous lenticular 
depressions giving the illusion of pebbling when seen macroscopically. Length 
0.42 mm., width 0.25 mm., height 0.25 mm. 


Larva 

Pale dirty yellow in all instars except that the overwintering fifth instar is 
distinctly yellow. Head, pronotum, supra-anal plate, sclerites at the bases of 
the anal prolegs, coxae, remainder of legs, small sclerites bearing the dorsal, sub- 
dorsal, and lateral setae of the ninth abdominal segment, dark to light brown in 
that order. Mandibles, (Figs. 9 to 13), with no describable differences between 
inscars other than size. 


Head capsule measurements distinctly show five instars: 


Material examined Head width (mm. ) 


Instar Larval heads Exuvial heads Mean Range 


37 | 0.10 — 0.14 
20 | 0. 0.16 — 0.20 
12 2: 0.21 — 0.25 
4 2 . 0.30 — 0.35 
36 2 | 0.3 0.45 — 0.62 


The fifth-instar larva is described in detail in the following paragraphs: 

Head (Figs. 2 and 3). Puncture Aa, which varies in position according to 
Hinton (1946), behind seta Al. Two unnamed punctures, both near seta SO1. 
P2 almost directly ventrad from P1; Pb in almost a direct line between P1 and V1 
and slightly closer to the latter. Vertical group of setae and punctures complete, 
diverging caudad from the midline. Genal group with one seta and one puncture. 
Antennae (Fig. 4), three-segmented; second segment (2) with one pore plate 
sensilla on the outer face, one sensory peg and three sensory hairs on the apex 
(one of the sensory hairs as long as the antenna itself); third segment (3) with one 
sensory peg and one sensory hair on the apex. Labrum (Fig. 5), shallowly notched 
anteriorally; two pairs of setae in a transverse row on the disk; four pairs around 
the anterolateral margins; epipharyngeal surface (Fig. 6) with three pairs of spatu- 
late setae (ES) and numerous small spines on median third. Mandibles (Fig. 9) 
with five teeth; outer three acute, inner two blunt and obtuse, second and third 
teeth larger than the others; outer face with two setae near the base. Maxilla (Fig. 
7) with a large membranous stipital (St) area with four sclerites apically; apex 
with a number of sensory organs most of which are borne on three terminal 
papillae, probably the palpus (Plp), lacinia (La) and galea (Ga). Labium (Fig. 
14) with prominent blunt-pointed spinneret (Sr); a pair of minute setae at base 
of spinneret. Palpi (Plp) two-segmented, with apical sensory hair. 

Thorax. Pronotum (Fig. 16) strongly sclerotized and pigmented, but vari- 
able; always divided at mid-dorsal line and halves most intensely pigmented along 
their medial and posterior margins. Setae of subdorsal group not on pronotum. 
Spiracles round with dark brown peritremes. Setae as in Fig. 17. Spinules 
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Figs. 1-8. Argyresthia spp. 1-7, A. laricella: 1, egg; 2, Head capsule, anterior; 3, Head 
capsule, lateral; 4, right antenna, ventral; 5, labrum, dorsal; 6, labrum, ventral; 7, left maxilla, 
ventral; 8, A. laevigatella labrum, ventral. 
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Figs. 9-15. Argyresthia spp. 9-13, A. laricella left mandibles, ventral, all instars; 14, A. 
laricella tip of labium, ventral; 15, A. Jaevigatella left mandible, ventral (not to scale with Fig. 
9). 


(Fig. 18) long, slender, pointed, dense; absent on sclerotized areas, intersegmental 
areas, and from numerous constant patches that evidently correspond to places 
of muscle insertion; distribution indicated by stippling in Fig. 17. 

Abdomen. Prolegs (see segment IV, Fig. 17) reduced to small papillae, 
shorter than their diameter. Crochets reduced to small angular sclerites not 
resembling hooks; 0 to 8 in number, usually 3. Anal prolegs similar but slightly 
more prominent. Spiracles round with dark brown peritremes. Setae as in Fig. 
17. Spinules as on thorax but also absent from plantae and around anus; distri- 
bution indicated by stippling in Fig. 17. 

Pupa (Figs. 22 to 25) 

About 5 mm. long, light tan changing to brown with age. Tenth segment 
curved ventrad, terminating in four short tooth-like cremastral hooks (Figs. 22 and 
23). One hook missing (Fig. 24) in approximately 1 in 10 specimens examined, 
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Figs. 16-21. 
spinules. 19, A. thuiella, spinules. 20, 21, A. laevigatella male pupa, tip of abdomen: 20, lateral, 
21, ventral. 
a4, 


but the spacing of the remaining three indicates its position. Eighth, ninth, and 
tenth segments with tubercles as in Figs. 22 to 25, constant in number and position 
except that the small ventral pair on the eighth segment may be absent. Sex easily 
determined by the position of the gonopore. 


Adult 

Fore wings pale ochreous to grey; anterior half and fold with more or less 
brown. Hind wings grey. Long scales on vertex yellowish. Face, palpi, and 
antennae white; outer side of second palpal segment more or less fuscous; antennae 
frequently appear darkly banded through loss of scales from bases of segments. 
Thorax above concolorous with fore wings; beneath white. Legs mostly white; 
dorsal surfaces of fore tibiae, tarsi, and to a lesser extent femora fuscous; tarsi of 
middle and hind legs with more or less fuscous. Abdomen white. The whole 
moth with metallic lustre. Wing span 9-11 mm. 

Wing venation Fig. 26; @ genitalia Fig. 27; 4 genitalia Fig. 28. 


Comparisons 
The egg of A. laevigatella is larger: 0.3-0.35 mm. by 0.4-0.7 mm. (Kratochvil, 
1943), ca. 0.2 by 0.5 mm. (Eidmann, 1960). It is about the same colour as that of 
A. laricella but, according to Kratochvil, almost colourless when first laid and 





Argyresthia spp. 16-18, A. laricella: 16, prothorax, dorsal; 17, setal map; 18, 
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Figs. 22-25. Argyresthia laricella pupa. 22,4 lateral; 23,9, tip of abdomen, ventral; 24, 
5 


ventral; 25, dorsal. 


nearly brown before hatching. Beirne (1942) described it as greenish-white. 
The surface sculpture is quite different; longitudinally rugose (Eidmann, 1960). 

The larvae of A. laricella and A. laevigatella are very similar. Examination of 
50 A. laevigatella larvae from England and two from Sweden revealed five differ- 
ences: (1) They are slightly larger; 51 larvae had a mean head width of 0.55 mm. 
and a range of 0.48 to 0.65 mm. All these measurements exceed those for A. 
laricella by 0.03 mm. (2) The ventral prolegs of A. laevigatella usually have 
more crochets. The prolegs of the spring-collected specimens at hand have 2 to 
8 but usually 5, whereas fifth-instar larvae of A. laricella usually have 3. (3) The 
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epipharyngeal setae _ Fig. 8) are broader in relation to their length than those 
of A. laricella (Fig. 6). (4) The mandibles (Fig. 15, not to scale) are quadrangular 
with straight or Slightly curved teeth, but the mandibles of A. laricella (Fig. 9) 
are almost triangular and have curved teeth. (5) The labral notch (Fig. 8) is 
usually slightly deeper than that of A. laricella (Figs. 5 and 6). 

Of the three cedar leaf- mining species of Argyresthia described by Silver 
(1957), the prothoracic shield of A. laricella resembles most closely that of A. 
thuiella Pack. Ultimate instar larvae of A. thuiella that I have examined have not 
the pronotum as heavily sclerotized as in Silver’s figure but the pigmentation is 
quite homogeneous. Also, as Silver’s Fig. 5 shows, the subdorsal setae are on 
the sclerite whereas in A. laricella they are considerably removed from it. 

Spinules similar to those of A. laricella occur on the integument of A. thuiella 
(Fig. 19) and A. laevigatella, but in A. thuiella they are smaller and shorter in 
relation to the distance between them. 

According to Fracker (1915) all Yponomeutidae except Scythris and Schreck- 
ensteinia have beta (D1) below the level of alpha (XD1) on the prothorax, the 
kappa (lateral) group trisetose on the prothorax, and kappa (L1) and eta (L2) 
distant on the abdomen. Fracker did not examine any specimens of Argyresthia, 
but in A. laricella D1 is above the level of XD1. The same is true of A. laevigatella 
and A. thuiella. Also, L1 and L2 are not distant on the abdomen in these three 
Argyresthia species. 

In Fracker’s (1915) key, A. laricella and A. laevigatella key to the Ypono- 
meutinae. They will not key farther because of the rudimentary crochets, nor 
will A. thuiella which has the crochets arranged in two transverse bands. The 
most obvious difference between the species on larch and the species on cedar is 
the reduction of the prolegs of the former, an obvious adaptation to their habitat. 

The pupa of A. /aevigatella is about the same size or slightly larger than that 
of A. laricella. The area surrounding the gonopore of the male is considerably 
swollen (Figs. 20 and 21) but that of A. Jaricella is not or only slightly so (Figs. 
22 and 24). 

The tubercles on the last three segments of both species vary in position but 
in A. laricella they are larger and more conspicuous (compare Figs. 20 and 22). 
The dorsal pair of the tenth segment is absent in four specimens of A. laevigatella 
at hand and is not shown by Kratochvil. 

The pupae of the species of Argyresthia mining leaves of arborvitae are quite 
different from those of the species mining shdots of larch. According to Silver 
(1957) A. thuiella pupae have 10 curved cremastral hooks, A. awreoargentella 
pupae have 10 straight cremastral hooks, and A. freyella pupae have eight curved 
cremastral hooks. 

The adults of A. lJaevigatella are not easily distinguished from those of 
A. laricella. They are quite variable in colour and size and no two published 
descriptions I have seen agree completely. I have four specimens from Germany 
with pale ochreous fore wings and four specimens from Sweden with grey fore 
wings and a rather darker coloration throughout; all have a pale ochreous lustre 
like A. laricella. The colour of both species apparently changes with time. A. 
laevigatella is a little larger, having a wing span of 9.5 to 12 mm. (11-15 mm. 
(Eidmann, 1960)). The wing venation (Fig. 29) is similar to that of A. laricella, 
but more distinct. The female genitalia (Fig. 30) do not provide good characters 
but the apices of the ovipositor lobes appear to be somewhat blunter than those 
of A. laricella. The male genitalia (Fig. 31) provide good characters. A sclerite 
of the eighth segment, although variable is “Y” shaped, with the arms diverging 
at an angle less than 60°; two in Fig. 31 were drawn from specimens collected 
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Figs. 26-32. Argyresthia spp. 26-28, A. laricella: 26, wings; 27, 2 genitalia; 28, $ genitalia 
with two sclerites of the eighth segment from other specimens. 29-31, A. laevigatella: 29, wings; 
30, 2 genitalia; 31, $ genitalia with one sclerite of the eighth segment from another specimen. 
32, scales of socii: left, A. laevigatella; right, A. laricella. 


at Rachlau, Germany. Beirne (1942) illustrates one from an Irish specimen that 
is similar. Pierce and Metcalfe (1935) also illustrate this sclerite, but they show 
it as “V” shaped although the angle agrees. The same sclerite in A. laricella 
(Fig. 28) has arms of variable length that diverge at an angle greater than 90°. 
The specialized scales of the socii of A. laevigatella (Fig. 32, left) are wider in 
relation to their length than those of A. laricella (right), which also have their 
sides more nearly parallel. 
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Conclusions 
The Argyresthia moths that attack larch in North America and Europe are 
much alike. Although all stages are superficially similar and individual variations 
are fairly great, particularly in the European populations, there are distiact 
morphological differences, and, as shown by Eidt and Sippell (1960), subtle 
differences in their life histories. The North American populations, A. laricella, 
and the European populations, A. Jaevigatella, are distinct but closely related 
species. 
Summary 
The egg, ultimate instar larva, pupa, and adult of A. Jaricella are described 
and compared with these stages of A. laevigatella. It is concluded that the two 
species are closely related. 
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Abbreviations Used in Figures 
Ant — antenna Lg — leg 
An — anus Md — mandible 
Cx — coxa Mx —- maxilla 
E — eye MxPlp — maxillary palpus 
ES — epipharyngeal setae Prmt — prementum 
Fe — femur Plg — palpiger 
Fi — fious Plp — palpus 
Ga — galea Sr — spinneret 
GP — gonopore St — stipes 
La— lacinia Tar — tarsi 
Lbr — labrum Tb —tibia 
Lb — labium 


References 

Adkin, B. W. 1918. The practical aspects of forest entomology. Part IV. Quart. J. For. 
12: 80-98. 

Beirne, B. P. 1942. The biology and natural control of the larch shoot moth, Argyresthia 
laevigatella H.-S. Econ. Proc. Roy. Dublin Soc. 3: 130-149. 

Edwards, J. 1911. [The larch shoot moth]. Quart. J. For. 5: 275-276. 

Eidmann, H. 1960. Om Mickshocemelen (Argyresthia laevigatella H. S.) i Sverige. Medd. fr. 
Stat. ey 49(3), 22 p. 

Eidt, D. C. and W. L. Sippell. 1961. The life history, parasites, and economic status of the 
larch shoot mach. Argyresthia laric a Kft. (Lepidoptera, Yponomeutidae), with com- 
parisons with A. laevigatella H.-S. Can. Ent. 93: 7-24. 

Fracker, S. B. 1915. The classification of lepidopterous larvae. Illinois Biol. Monogr. 3(1), 
169 pp. 

Grosvenor, G. H. 1911. The nomenclature of the larch shoot moth. Quart. J. For. 5: 227. 

Hinton, H. E. 1946. On the homology and nomenclature of the setae of lepidopterous larvae, 
with some notes on the phylogeny of the Lepidoptera. Trans. Roy. Ent. Soc. London. 
97: 1-37. 

Kratochvil, J. 1943. Argyresthia laevigatella H.S. Acta Soc. Sci. Nat. Moravicae. 15(3), 
55 pp. 

Pierce, F. N. and J. W. Metcalfe. 1935. Genitalia of the tineid families of the Lepidoptera of 
the British Islands. 116 pp.; 68 pl. F. N. Pierce, Oundle, England. 

Silver, G. T. 1957. Separation of the species of arborvitae leaf miners in New Brunswick 
(Lepidoptera: Yponomeutidae and Gelechiidae). Can. Ent. 89: 97-107. 


(Received August 2, 1960) 





wr 


THE CANADIAN ENTOMOLOGIST 


A New Species of the Genus Eurytoma (Hymenoptera: 
Eurytomidae) Phytophagous in the Buds of Jack Pine 
(Pinus banksiana) 


By Rosert E. Bucsee' 


In the spring of 1959, Dr. O. Peck of the Entomology Research Institute, 
Department of Agriculture, Ottawa, Canada, sent to me a long series of Eurytoma 
specimens for determination. Dr. J. B. Thomas reared the series from buds of 
jack pine (Pinus banksiana) and is ready to publish on the biology of the species. 
This new species has been included in a projected revision of the genus Eurytoma 
in North America, north of Mexico, but due to the uncertainty as to just when it 
will be ready for publication, it seems best to publish the description concurrently 
with the paper by Dr. Thomas, so as not to hold up his valuable contribution to 
the biology of the species. 


Eurytoma calycis, new species 
Female: Av. 2.7 mm. (2.4-3.2) in length. Black except for yellow knees and 
apices of femora and tibiae and tip of ventral valves. Abdomen oval from a 
lateral and dorsal view; plump with only slight lateral compression; av. 1.4 mm. 
(1.3-1.6) in length; sixth tergum about twice the width of the fifth; lateral 
surface of sixth covered by fine scale-like sculpturing that becomes more delicate 
dorsally where it recedes towards anterior margin as a narrow band; white pile 
sparse on posterior terga. Ninth tergum short and stubby; av. .11 mm. (.10-.12) 
in length; white pile along ventral margin only. Genitalia av. 1.3 mm. (1.2-1.4) 
in length and .80 mm. (.77-.85) in height; thus height is more than half the 
length; dorsal valves broad for horizontal length and turn dorsally anteriorly with 
ventral valves at less than a right angle; stylet arch in an oblique plane. Pro- 
podeum from a posterior view broad, median furrow shallow and wide; lateral 
carinae faint and they converge tow ards base; median carina short, appearing in 
upper one-quarter of furrow; below, furrow crossed by irregular horizontal 
ridges; lateral areas ridged and roughly punctate; dorso-lateral carinae prominent. 
Thorax broad dorsally and robust. Tegulae black. Scape of antennae black; 
flagellum six jointed; in larger specimens filiform and joints subequal except 
longer than wide first joint; in smaller specimens flagellum slightly clavate and 
joints moniliform. Wing veins brown; marginal vein longer and broader than 
linear postmarginal vein; marginal av. .22 mm. (.21-.25) and postmarginal av. .17 
mm. (.16-.25) in length. 
Male: Av. 1.8 mm. (1.3-2.1) in length. Black except for yellow knees and 
apices of femora and tibiae. Antennae with flagellum consisting of five pedicel- 
late segments and a terminal unit of two closely fused segments in the larger 
specimens; in the smallest specimens flagellum shows only four pedicellate seg- 
ments with three segments fused in the terminal unit. Wing veins dark brown 
marginal av. .20 mm. (.17-.22) and postmarginal av. .17 mm. (.16-.20). 
Types: 27 females and 28 males. Holotype, female; allotype, male, and para- 
types in the Canadian National Collection, Dept. of Agriculture, Ottawa, Canada. 
Paratypes in the Bugbee collection, Allegheny College, Meadville, Pa. 
Type locality: Black Sturgeon Lake, 40 miles northwest of Nipigon, Ontario, 
Canada. Em. July 2, 1958, J. B. Thomas coll. Vial IV, No. 6, Lot 59-153. Para- 
type specimens from the same locality, collected by J. B. Thomas on June 13, 
1956, 2 females and 2 males; July 2, 1956, 1 female; emerged June 4 through 
the 25 ae July 2 through 4, 1958, 24 females and 11 males; June, 1958, 15 males. 


1Professor of Biology, Allegheny College, Meadville, Pa. 





34 THE CANADIAN ENTOMOLOGIST January 196] 


All specimens except those collected in 1956 from Vial IV or V, No. 1, 2, 3, 4, 
5, 6, 7, Lot 59-153. 

Host: Phytophagous in the buds of jack pine (Pinus banksiana). 

Remarks: This species is close to a new species, No. 57, in the proposed revision 
of the genus Eurytoma referred to in the opening paragraph in its size relation- 
ships, short ninth tergum, sculpturing of the abdomen, color of the legs, and 
phytophagous habit. It differs, however, in the shallow, complete median furrow 
and the rougher sculpturing of the lateral areas, the more dorsally produced 
female genitalia and the different host. 


(Received July 18, 1960) 


A Note on Eurytoma calycis Bugbee (Hymenoptera: Eurytomidae) 
Occurring in Shoots of Jack Pine (Pinus banksiana (Lamb.) )' 


By J. B. THomas? anp H. Herpy® 


Introduction 
Members of the genus Eurytoma Illiger show a great diversity of feeding 
habits. There are approximately 90 species or subspecies listed in the synoptic 
catalogue of the Hymenoptera (Muesebeck ef al., 1951) and the first supplement 
to this catalogue (Krombein et al., 1958), and about 40 per cent of these have 
been listed with entomophagous hosts. The habitats of another 28 species are 
listed as galls and the lack of information on their hosts is made clear by Bugbee 


(1951) who states, “It should be clearly understood that where hosts are given 
in this paper, all that is indicated is that the parasites were bred or emerged 
from that particular host gall.” Seven species are listed as phytophagous on 
seeds and berries and the remainder have no specified hosts. 

A number of reports in the literature dealing with species not included in 
the catalogue further substantiates the variable feeding habits in this genus. 
Some phytophagous species have proved important in weed control, E. attiva 
Burks and E. pigra Burks (Burks, 1958), and Eurytoma sp. (Wilson, 1960). On 
the other hand, E. suecica Rosen is destructive to wheat stems in Germany 
(von Rosen, 1957). Another species, E. saliciperdae Mayr, which was for a long 
time considered a parasite on Rhabdophaga saliciperda (Duf.), has been found 
to be merely living as an inquiline in the galls made on willow by this insect 
(Sen, 1954). Ivanova-Kazas (1958) found that E. aciculata Ratz. represented 
a purely inquiline form in that it occupied galls made on willow by a sawfly 
Pontania viminalis L., but did not in itself destroy the sawfly; death of the egg 
or first-instar larva of the sawfly was somehow caused when the chalcid egg 
was laid. It has also been pointed out by Phillips (1927) that E. parva (Gir.) 
Phillips, an important parasite of the wheat jointworm, Harmolita tritici (Fitch), 
may be gradually breaking away from an entirely parasitic role. He found that 
while E. parva was apparently only stimulated to oviposit in a wheat stem that 
had already been attacked by H. tritici, development from there on might follow 
several courses. In most cases, the egg or eggs were laid in cells of the first 
or second instar jointworm, which E. parva killed and ate on hatching. From 
then on the larva of E. parva developed on the plant juices, in many cases causing 
as much or more damage to the wheat stems as would have been caused by H. 

1Contribution No. 683, Forest Biology Division, Research Branch, Department of Agriculture, Ouawa, 


Canada. 
2, 3Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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tritici. If the eggs were laid outside the cells of the intended host, the larvae 
could feed directly on plant juices. It was also demonstrated that E. parva would 
reach maturity if fed sufficient mature larvae of H. tritici. In his paper, Phillips 
mentions another case where Nielson (1906) found an undetermined species of 
Eurytoma that first destroyed the young larvae of Cryptocampus angustus Htg. in 
the heartwood of willow twigs and then fed on the pith. 


During a study of insects infesting jack pine shoots in northwestern Ontario, 
another species of Eurytoma thought to be entirely or partially phytophagous, 
has been found, but we have been unable to study the biology of this species 
completely because the insects are too few in number. The information now 
available on its habits as well as descriptions of the known larval stages may serve 
as a basis for more detailed studies should the insect become more plentiful. 
This species, Eurytoma calycis, has been described as new by Dr. Robert E. 
Bugbee, Allegheny College, Meadville, Pa. 


Description of Immature Stages 

The following descriptions of the first and last larval instars have been 
prepared from preserved material dissected from jack pine shoots. The eggs 
were dissected from an adult. 
Egg (Fig. 1): The egg is ovoid, 0.45 mm. long by 0.22 mm. wide, translucent 
to white, with a short curved process at one end and a flagellate process as long 
as the body of the egg at the other. These processes are apparently characteristic 
of the eggs of this genus. 
First-instar larva (Fig. 2): A single first-instar larva, 0.45 mm. long, was found 
in a shoot with an uneclosed egg containing a mature embryo. Because the 
structure of both was similar, the larva has been considered a first instar. 


The head is lightly sclerotized, colourless except for brown-tipped mandibles 
and a more heavily sclerotized ring about the mouth. The mandibles are pointed, 
sickle-shaped, and differ from the mandibles of mature larvae in having no teeth, 
a characteristic feature of first-instar larvae of other species in the literature. 
There are sensory organs on the anterior margin of the labrum but they are too 
minute to illustrate accurately. One- -segmented antennae are medially located 
on the front of the head. There are five pairs of small setae on the head. 


The body consists of thirteen distinct segments, three thoracic and ten 

abdominal, tapering to the posterior end. The mesothorax and first three ab- 
dominal segments have a pair of spiracles with a circular opening on the mid- 
pleural line. Each segment bears a pair of minute dorsolateral and ventrolateral 
setae. In addition, a band of small spicules encircles each segment. These 
spicules are absent from mature larvae. 
Last-instar larva (Fig. 3): Specimens average 2.2 mm. long. The most con- 
spicuous feature of the head is a dark brown sclerotized ring framing the mouth 
= This structure is probably composed of elements of the pleurostoma 
(Figs. 4, 5, Plst) and hypostoma (Figs. 4, 5, Hst) of the generalized insect head. 
A sclerotized hypostomal bridge (Fig. 5, ¢) joins the hypostomal sclerites and 
provides a socket for the ventral articulatory process of the mandible (Fig. 6, 
vma). The dorsal articulatory point (Fig. 5, dma) is at the junction of the 
pleurostoma and the clypeo-labral section of the head capsule. 

The mandibles (Figs. 4, 5, 6) are well developed, dark brown, and curved 
to a point. There is a small pointed tooth on the inner side, and the inner 
surface of the mandible from the apex to the tooth is bevelled to form a 
cutting edge. 
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Fics. 1 to 6. Immature stages of Eurytoma calycis Bugbee. 1. Egg; 2. First-instar larva; 
3-6: Final instar: 3. Larva; 4. Anterior aspect of head; 5. Ventral aspect of head; 6. Mandible. 
a — sensory organs on the labrum; b — sensory organs on the maxillary region; c — abductor 
muscle; d — adductor muscle; e — hypostomal bridge; ant — antenna; Clp-lbr — clypeo-labral 
region; dma — dorsal articulating point of the mandible; Hst — hypostomal sclerite; Plst — 
pleurostomal sclerite; yma — ventral articulating point of the mandible. 





XCIll THE CANADIAN ENTOMOLOGIST 37 


The proximal part of the labrum is sclerotized and bears a pair of setae. 
The anterior margin is three-lobed, each outer lobe bearing a few sensory organs 
of an undetermined type (Fig. 5, a). 

The postcephalic region of the head capsule is only lightly sclerotized and 
bears five pairs of setae as well as a number of circular sensilla arranged as in 
Figs. 4 and 5. The ventral portion of the head back of the mouth is developed 
into a membranous lobe that partially overlaps the mandibles. This lobe, bearing 
four pairs of setae and four sensory structures (Figs. 4, 5, b), probably represents 
vestigial elements of the labium and maxillae. 

The one-segmented antennae are medially located on the front of the head 
(Figs. 4, 5, ant). 

The larva is legless, with three thoracic and ten abdominal segments lacking 
the spicules present on the first instar. The tracheal system is expanded from 
that in the first-instar larva and now opens through circular spiracles on the 
meso- and metathorax and the first seven abdominal segments. The setal pattern 
was fairly constant between the specimens examined, most of the variation being 
a loss of one or more of the sternal setae on abdominal segments one and two. 
The pro- and mesothorax bear five pairs of setae, the metathorax bears four pairs, 
and the abdominal segments bear three pairs arranged as in Fig. 3. The setae 
decrease in length posteriorly. 

Pupa: The pupa is of the exarate type and does not bear any distinguishing 
setae or spines. 
Seasonal Development 

Details of the seasonal development reported here were obtained by col- 
lecting and dissecting jack pine shoots. In early May, shoots harbouring over- 
wintering larvae can be selected with some degree of accuracy because shoot 
growth has either stopped or is slower than that of uninfested shoots. Also, 
infested shoots frequently develop a slight swelling and bend as spring growth 
starts. There is no detectable change in the appearance of newly-infested shoots 
during the summer, however, so that finding them is a matter of chance. The 
low incidence of attack also precludes studying development by collecting and 
dissecting regularly spaced samples of shoots. For instance, only 13 of 456 shoots 
collected at random in September, 1957, contained E. calycis larvae. A collection 
of 100 shoots, 10 from each of 10 trees, in August, 1959, provided only three 
larvae. 

The species overwinters as a larva in the shoot (Fig. 7). This shoot was 
collected in late September, 1959, at which time the larvae were almost fully 
developed. Note that each larva is in a separate mine in the woody 1959 tissue 
and the mines do not extend into the portion destined to extend the following 
year. The larvae pupate in the mines, the pupal period lasting about 10 to 
14 days, and the adults emerge by cutting circular exit holes in the side of the 
shoot. Observations from 1957 to 1959 indicate that emergence begins about 
the last of May or first week of June. In 1957, the first pupae were collected 
on May 17 and adult emergence began on May 30, continuing until June 20. 
Adults emerged from May 29 to July 4 in 1958. First emergence of males in 
1958 preceded that of females by 10 days, the peak emergence of both sexes 
occurring from June 11 to 23. Fewer infested shoots were collected in 1959, 
but emergence began at approximately the same time, June 1, reaching a peak 
between June 5 and 10, and ending about mid-June. 

Oviposition was not observed in the field and attempts to get adults to 
oviposit in the buds of shoots in cages were unsuccessful. Oviposition most 
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Fig. 7. Mature larvae of Eurytoma calycis Bugbee in a jack pine shoot. 


likely occurs immediately following adult emergence because it coincides with 
the period of rapid shoot elongation and new bud formation in jack pine. Adults 
were seen crawling over the newly-formed buds. 


It is believed that larval dev elopment is completed by the end of the first 
season, and that there are at least four instars. Two shed head capsules were 
regularly found in the mines in addition to the mature larva and all these head 
capsules had the toothed mandibles common to other than first-instar larvae of 
this and other species of Eurytoma. Sen (1954) found four instars for E. sali- 
ciperdae but Phillips (1927), Rosen (1957), and Williams (1960) found five 
instars in E. parva, E. suecica, and Eurytoma sp., respectively. 


While examining faecal deposits and boring dust in the mined shoots for 
moulted head capsules of E. calycis, small mandibles and occasional head capsules 
of another insect were found in some but not all instances. A relatively large 
larva and two head capsules were found in the pith of one shoot just below the 
mines of four E. calycis larvae. The mandibles of this unknown larva were 
unlike those of E. calycis and resembled those found in some of the mines. The 
larva appears to be that of a saw fly in the suborder Symphyta, possibly in the 
family Syntexidae. Finding these remnants of another insect casts an element of 
doubt on our previous belief that this species of Eurytoma is entirely phyto- 
phagous. In the absence of further proof, one can oniy speculate as to which 
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insect is the primary invader, although it is clear that E. calycis feeds on the 
pl int tissues for the latter part of its larval period. However, because no traces 
of other insects were found in some mines, one can only conclude that, in such 
cases, this species is entirely phytophagous. 
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The Biology of a Hyperparasite, Euceros frigidus Cress. 
(Ichneumonidae) and_Description of the Planidial Stage 


1 


By Howarp A. Tripp 
Forest Biology Laboratory, Quebec, P.Q. 


Introduction 


For more than a decade the sawfly, Neodiprion swainei Midd., has been a serious 
defoliator of jack pine, Pinus banksiana Lamb., in the Province of Quebec. In 1955 
an intensive research program involving several research officers was initiated at the 
Forest Biology Laboratory, Quebec, to study the insect. Investigations — near 
the centre of the infestation at the headwaters of the Gatineau River (47° 55’N., 75° 
25’W.). The project dealing with the parasites became the responsibility of the author 
and constituted approximately 25 per cent of the total investigations. Integrated with 
this project were studies on population dynamics, effect of defoliation on jack pine, 
and predators of the sawfly with emphasis on the small mammals. The primary object 
of the parasite studies was to concentrate on the life cycles and descriptions of the 
immature stages and to publish on each species as sufficient information was obtained. 
Ultimately, it is planned to publish jointly with other members of the team on the 
role of parasites in the overall mortality complex of Neodiprion swainei. 


This paper on Ewceros frigidus Cress. is the second in a proposed series. The first 
parasite to be treated was Spathimeigenia spinigera Townsend (Tachinidae) (Tripp, 
1960 b), which was the most abundant species in the area studied. Although Euceros 
frigidus has been one of the least abundant parasites it was decided to present the 
available observations at this time because of the unique form of the first-instar larva 
and its remarkable behaviour. The adult parasite lays stalked eggs on the needles or 
twigs of jack pine near clusters of sawfly larvae. The newly hatched larvae are of the 
planidial type*; they fasten themselves to the integument of passing sawfly larvae 
where they remain without any apparent morphological change until contact is made 
with a primary parasite upon which they may develop (Tripp, 1960a). Thompson 
(1915) described a similar planidium, w hich he had collected from a noctuid larva, 
but its taxonomic position was unknown. This paper establishes Thompson’s unknown 
planidium as a Euceros species. Ross,* while working on jack pine saw vilies near Laniel, 
Quebec, was probably the first to recognize the planidial stage of Euceros. His observa- 
tions became rather well known by various other workers of the Forest Biology 
Division and by G. S. Walley, Entomological Research Institute, Ottawa, but no 
reference to Euceros planidia appeared in the literature until the paper by Finlayson 
(1960) on the parasites of Neodiprion sertifer (Geoff.). Finlayson confirmed the hyper- 
parasitic nature of Euceros frigidus through dissection of sawfly cocoons from which 
Euceros adults had emerged. Prompted by Finlayson’s remarks, Vv arley (1960) dissected 
cocoons of the saw fly, Trichiosoma latreilli Leach (Cimbicidae) from which Euceros 
unifasciatus Voll. adults had emerged. He found this species to be hyperparasitic on 
the ichneumonid fly, [poctoninus nigriceps Gr. and also recovered exuviae of the Euceros 
planidia which he exhibited to the Royal Entomological Society of London. Euceros 
species are the only ichneumonids known to have a planidial stage. All other hymen- 
opterous planidia belong to the Chalcidoid families, Perilampidae and Eucharidae. 


Methods 


Most of the field observations were made in a yours stand of jack pine where the 
trees seldom exceeded seven feet in height, making it feasible to examine the foliage 


ec Satin No. 678, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 
Danada. 
2The term “planidium” is from the Greek word meaning diminutive wanderer. It was first suggested 
by Dr. Morton Wheeler as a suitable term for the first-instar larva of Orasema viridis Ashmead (Smith, 1912). 
8Ross, D. A. 1946. Personal communication. 
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closely. As sawfly egg clusters were located, they were tagged and observations on 
the colonies continued throughout the entire season. In this manner, the appearance 
and behaviour of parasites were often observed. Colonies that attracted Euceros adults 
were given special attention. It was frequently necessary to examine various stages 
of the sawfly beneath the microscope, and in this way the behaviour of Euceros planidia 
was sometimes observed. Specimens used for the description of planidia were dissected 
from fully incubated eggs or taken from the bodies of sawfly larvae; exuviae from host 
cocoons also served for this purpose. Material for descriptive purposes was mounted 
on glass slides. The procedure adopted for the preparation of material dissected from 
saw fly cocoons will explain the method. A saw Ay cocoon from which a Euceros adult 
had emerged was opened at the end opposite the emergence hole so as to preserve the 
character of the hole for future reference. Each distinct section of the contents was 
then removed, and placed in a 10 per cent solution of KOH. Examination and manipula- 
tion of the contents began after about ten minutes. For the first few cocoons examined, 
every particle that did not completely disintegrate i in the KOH, was saved. Specimens 
were washed in distilled water, dehydrated in alcohol (up to 95 per cent), stained if 
necessary and mounted in Euparol. Only one sawfly cocoon was handled at one time 
to avoid confusion. 
Eggs 

Several adult female Euceros were dissected and the internal reproductive system 
examined. Although the compact ovaries possessed many delicate ovarioles which 
were difficult to separate and count, great care was taken with one specimen and 
counts of 45 in one ovary and 49 in the other were recorded. Reproduction is of the 
polytrophic type (Fig. 1). The form of the epithelial layer is of particular interest in 
that cells at the posterior end of the young oocytes are consistently longer than those 
at the anterior end; more mature ovarian eggs possess at their posterior end a cup-like 
stalk, apparently the product of these elongated epithelial cells. Examination of a mature 
ovarian egg (Fig. 2) at high magnification showed the stalk to be continuous with the 
egg chorion. The vitelline membrane, however, separates the yolk from the stalked 
portion. Mature ovarian eggs average 0.24 mm. long with a stalk of 0.10 mm. 

The principal difference between the ovarian egg and the egg after oviposition 

(Fig. 3) is that the stalk of the latter is thread-like and about five times its original 
length. It is greatly expanded at the base to form a firm attachment with the plant. 
The basal two-thirds of the stalk is hollow which allows for considerable flexibility. 
The main body of the egg is similar to that of the ovarian egg except that its shape is 
more symmetrical. It averages 0.23 mm. long by 0.11 mm. wide at its broadest point. 
Usually, it rests at a slight angle to the stalk. The over-all length of the egg with stalk 
averages only 0.7 mm. but its pure white colour makes it readily visible without the 
aid ST unigitienion. 


Several attempts were made to observe the deposition of a single Euceros egg by 
caging gravid females with sawfly eggs and larvae. Although most of the females 
oviposited during a two or three day period, it did not prove possible to observe the 
oviposition in detail. However, it is not difficult to reconstruct the procedure. The 
position of the cup-like structure on the ovarian egg suggests that this portion is ejected 
first. No doubt it is amorphous and probably sticky. It appears that the female does 
not expel the main body of the egg until after raising the abdomen and forming the 
slender stalk. 


Euceros eggs are laid on the stems and needles of jack pine (Fig. 4) to form a cluster 
which may extend for six inches or more along the stem. No accurate counts of the 
number of eggs per cluster were made during the present investigation but D. A. Ross 
(personal communication) made counts in 1946 on two Euceros frigidus egg clusters 
and recorded 109 and 102 respectively. These counts are most reasonable considering 
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Figs. 1-3. Euceros frigidus Cress. 1. Ovariole. 2. Mature ovarian egg. 3. Egg after 
oviposition. 
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Figs. 4-5. 4. Foliage of jack pine, Pinus banksiana Lamb., showing the eggs of Euceros 
frigidus Cress. X5. 5. Eggs of Euceros frigidus Cress. on needle of jack pine. X12. Photo- 
graphs, courtesy of D. A. Ross. 


that a Euceros fernale possesses approximately 100 ovarioles, each of which normally 
contains only one fully developed ovarian egg at any one time. Since the females are 
capable of depositing several clusters of eggs these counts are not an estimate of fec- 
undity. A count of oocytes revealed an average of nine per ovariole or a total of about 
900 per female. In this type of reproduction, egg cells continue to migrate from the 
germarium to the vitellarium during the life of the adult. Thus, an estimate of fecundity 
is rather difficult but it can be assumed that each female could produce at least 1000 
eggs. 

A strong similarity exists between the deposited eggs of Euceros frigidus and those 
of the well-known Chrysopidae (order Neuroptera). Also, Chrysopid larvae (aphis- 
lions) are common predators on aphids and since aphids are very abundant on jack 
pine it is not unlikely for Chrysopid eggs to be in the same biota as Neodiprion swainei. 
Sched! (1939), while studying the population dynamics of several Canadian sawflies 
including Neodiprion swainei, recorded seven species of Chrysopidae in the same biota. 
The presence of Euceros and Chrysopid eggs on jack pine may lead to confusion, 
especially in view of the superficial resemblance between the aphis-lions and the 
planidia of Euceros. Schedl reported that the chrysopid larvae remained on the larval, 
pupal and adult stages of the sawfly without any apparent morphological change or 
injury to the host. This behaviour is similar to that observed for the planidia of Euceros 
frigidus. The greatest similarity, however, is in the eggs but the disparity in size is 
sufficient to distinguish them. The egg stalks of Chrysopa spp. are usually about 12 mm. 
long (Comstock, 1947) whereas those of Euceros are less than one millimetre. A casual 
observation of Euceros eggs is rather deceiving in that one gets the impression that the 
stalks are much longer. It is difficult to measure the height of the eggs in the field but 
a good estimation may be obtained by comparing their length with the width of a jack 
pine needle (Fig. 5) which is about two mm. 
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Significance of Emergence and Oviposition 


Since the sawfly larvae serve as carriers for the first instar Euceros larvae (planidia) 
during the period of phoresy, it is important that the two make contact shortly after 
the Euceros eggs become fully incubated. The time of Euceros emergence and oviposition 
and the location of the eggs with respect to the sawfly colony, are critical for the survival 
of the planidia. 

The emergence of Euceros frigidus is apparently well synchronized with the de- 
velopment of the sawfly. During 1958, adult sawflies emerged late but very suddenly 
with maximum emergence occurring during the last week of June (Table I). Emergence 
of Euceros adults began four weeks later during the last week of July. In 1959, sawfly 
emergence was about two weeks earlier but more gradual with peak emergence during 
the second week of June. Euceros adults began to appear during the second week of 
July, again after an interval of four weeks. Sawfly eggs, which are deposited in the 
new foliage of jack pine almost immediately after emergence of the adults, normally 
require an incubation period of about four weeks. During 1958 and 1959, the incuba- 
tion periods averaged 29 and 23 days respectively. Thus, in each case, Euceros adults 
were present at about the same time or shortly after the hatching of sawfly eggs. The 
greatly extended emergence periods of Neodiprion swainei (Table 1) with the corres- 
ponding extended hatching periods practically assures the presence of newly hatched 
sawfly larvae when Euceros adults emerge. In 1958, the oviposition dates of 10 Euceros 
egg clusters were known, all occurring between July 26 and August 3. In five cases 
the sawfly eggs had just hatched; in one case the sawfly larvae were three days old, 
and in four cases they were just moulting to the second instar (eight days old). It 
would appear that the stimulus for oviposition is the presence of the sawfly larvae, 
but it is not known, however, if Euceros females can detect the presence of primary 
parasites which later serve as hosts for their progeny. One such parasite species, 
Olesicampe lophyri (Riley), is present in the field during the same period (Table I) 
and deposits its eggs in early instar sawfly larvae. 


The Euceros egg clusters are always placed on the jack pine growth other than 
the current year and always in the vicinity of a sawfly colony. Euceros eggs have been 
located on one-, two-, and three-year-old growth but the distance from the sawfly 
larvae is probably the significrnt factor. In 1959, the average distance between the 
sawfly larvae and the nearest Euceros eggs of 12 freshly deposited clusters was 4.2 
inches. All the sawfly larvae were either first or early second-instars and had consumed 
two to three inches of foliage. This results in a distance of about six inches between 
egg clusters but the former measurement is mort important. Sawfly larvae proceed 
toward the Euceros eggs as the foliage is consumed. Occasionally their progress is 
delayed by the presence of lateral shoots or by unfavourable weather conditions but 
in all cases observed the Euceros eggs were either hatched or fully incubated upon the 
arrival of the carriers. Contact was made with the first-instar Euceros larvae when the 
carriers were in the second or third stadium. 


Thus, the significance of the time and position of Euceros oviposition in relation 
to the sawfly development may be appreciated. If Euceros eggs were deposited too early 
or at too great a distance from the sawfly colony, the first instar Euceros larvae would 
possibly starve. On the other hand, if they were deposited too late or too close, the 
carriers would make contact before the Euceros eggs were sufficiently incubated. 
Nevertheless, should the emergence and oviposition be slightly out of phase with the 
progress of the sawfly larvae, compensating factors would assure the success of at 
least a portion of the Euceros progeny. Apparent compensating factors are: the arrange- 
ment of the eggs within each cluster over a relatively large portion of the jack pine 
shoot, the high fecundity rate, and the type of reproduction which provides for the 
production of several egg clusters by each female. 
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TABLE I 
Adult emergence of the sawfly (Neodiprion swainei), the primary parasite (Olesicampe lophyri), 
and the hyperparasite (Euceros frigidus) for the years 1958 and 1959, Clova, Quebec. 


1958 1959 


Date 
(week ending) 


Neodiprion | Olesicampe Euceros Neodiprion | Olesicampe | Euceros 
swatinet lophyri frigidus 


swainei lophyri frigidus 


June 1 0 
June 8 70 
June 15 809 
June 22 492 
June 29 x 133 
July 6 38 
July 13 22 
July 20 4 
July 27 

Aug. 3 

Aug. 10 


Total adult 
specimens 


Planidia 
Description 

The first-instar larva (or planidium) of Euceros frigidus consists of the head and 
13 body segments; its sclerotized portions are brown in colour. It averages 0.31 mm. 
in length, and 0.10 mm. in width at its broadest point, which occurs at the third or 
fourth body segment. These measurements vary considerably depending on the degree 
of extension or turgidity of the specimen. Usually they are about one-half as thick 
as they are wide, and about one-third as wide as they are long. The width is somewhat 
less when they are turgid. The specimen illustrated (Figs. 6 and 7) is almost fully 
extended but is flattened dorso-ventrally. The head capsule is triangular to oval with 
its lateral edges extending ventrally for a short distance. Head capsule width of 21 
specimens ranged from 0.062 mm. to 0.094 mm. with a mean of 0.078 mm. Dorsally, 
(Fig. 6) the head exhibits a pair of relatively large semi-circular unsclerotized antennal 
sockets. Each antenna consists of a single segment, blunt at the tip. On the anterior 
margin of each antennal socket is a tiny unsclerotized spot. There are at least five 
other pairs of spots, some of which, on some specimens, appear as setae. One pair is 
lateral near the posterior margin of the head capsule, whereas the others are median 
to the antennae, in line from the anterior to the posterior margins of the cranium. 
The lateral margins of the head capsule are equipped with five pairs of short stout 
spines directed posteriorly. Three of these are on the same plane laterally and are 
readily observed. The other two are more ventral (Fig. 8), and are difficult to see. 
The ventral surface of the head is membranous, except for the slight extension of the 
cranium and the mouth parts. The head of living specimens is directed downward 
so that it approaches the opisthognathous condition, as in certain Homoptera, but when 
flattened on slides the portion directly below the posterior half of the cranium is 
usually that of the first body segment. 

It was difficult, even at a magnification of 1200, to be certain of the precise shape 
and position of the mouth parts. They are presented in a semidiagrammatic form in 
Fig. 8, and are not labelled because the origin of the parts is doubtful. The forward 
portion of the ventral surface is membranous, except for a very lightly sclerotized bar 
and two tiny mandibular-like processes. This membranous portion may lie completely 
beneath the cranium or it may be extended anteriorly as illustrated. The sclerites that 
obviously function as mandibles are sickle-shaped with broad emarginate bases. On 
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Figs. 6-7. Planidium of Euceros frigidus Cress. 6. Dorsal view. 7. Ventral view. 


most specimens examined, their blades extended directly into the oral orifice but they 
are illustrated in a more forward position to show their shape. Posterior to the functional 
mandibles is a semicircular bar, probably the labial sclerite. This sclerite normally 
lies in a dorso-ventral plane with the open portion anterior, but in flattened specimens 
the open end appears to be posterior. A pair of very lightly sclerotized plates are 
illustrated posterior to the labial sclerite. These may correspond to the stipital scler tes 
of the mature larva (Fig. 19). A pair of narrow, strongly curved processes extend 
laterally from the labial sclerite to near the base of the mandibles. These may cor- 
respond to the hypostomal spurs of the mature larva. The oral orifice, the xd 9 gether 
and a portion of the oesophagus are visible between the lateral arms of the labial 
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sclerite. Two pairs of setae are recognizable; one pair is situated anterior to the mandi- 
bles and the other pair on the labium. 

Each body segment possesses a heavily sclerotized plate. Those on segments 1 
to 12 occupy approximately the basal two-thirds of each segment and extend dorsally, 
laterally, and slightly ventral. The sclerotized plate on segment 13 is median and 
seldom extends to the ventral surface. Dorsally, there are two very conspicuous rows 
of slender spines on the membranous portion at the posterior margins‘ of segments 
| to 11, inclusive. Those on segment 11 are about twice the length of the others. 
The distance between the rows is greatest on segments 3 or 4 and diminishes with 
respect to the size of the segments. Ventro-laterally is another row of slightly shorter 
spines (Fig. 7) which on living planidia are visible in a dorsal view. Those on segments 
1 to 4, inclusive, are located on small sclerotized patches distinct from the dorsal 
plates, but those on segments 5 to 11 are situated on the articular membrane at the 
posterior apices of the dorso-lateral plates. Although these latter spines and all the 
dorsal ones are on membrane, they are accommodated in notches on the posterior 
margin of each plate (Fig. 9). 

On the dorsum of the first body segment, posterior to and partly obscured by the 
cranium, is an area which appears to consist of fine short bristles. Situated near the 
lateral edges of this area and also partly obscured by the cranium is a pair of tiny clear 
spots. Two setae exist laterally on the sclerotized portion of this segment. Body seg- 
ments 2, 4, 6, and 8 each possess a pair of clear spots as illustrated (Fig. 6). These are 
believed to be spiracles but no evidence of tracheae was observed. 

The membranous ventral surface of the body possesses tranverse rows of small 
hook-like processes. Associated with each hook, which appears to arise from a broad 
flat base, are several minute specks (Fig. 10). From 15 to 22 hooks are situated on the 
first segment in three rows, more or less, as illustrated. Those on segments 2 to 12 
exist in single rows discontinuous medially. The approximate number of hooks per 
segment are as foliows: Segment 2 with 12; segment 3.with 10; segments 4 and 5, 
each with eight; segments 6 to 10, each with six; and segments 11 to 12, each with 
four. The caudal segment possesses about 10 somewhat smaller hooks, irregularly 
arranged. In addition to the hooks, the ventral surface of segments | to 11 possess a 
pair of setae. Those of segments | to 4 are situated on the sclerotized patches bearing 
the spines but those on segments 5 to 11 arise from membranous tissue. 

When living specimens were observed at high magnification, the internal organs 
were visible. The digestive system consists of a narrow tube (the oesophagus) which 
leads directly to a large sac-like mid-intestine, closed posteriorly. The mid-intestine 
occupies a central position extending from about the second to the seventh body 
segment. Lateral to the mid-intestine and embedded in a large fat-body is a pair of 
longitudinal tubes which may be air-sacs. 


Comparison with other larvae 

Some larvae of other orders bear a superficial resemblance to planidia in being 
elongate, more or less flattened, diminutive, and motile. Among these are the active 
larvae of many Coleoptera (Carabidae and Dytiscidae), the triungulins (Meloidae, 
Coleoptera), the triungulinids (Strepsiptera), the thrips (Thysanura), and the aphis- 
lions (Chrysopa spp., Neuroptera). All of these, however, differ in having well developed 
thoracic legs. 

All previously indentified planidia belong to the Chalcidoid families, Eucharidae 
and Perilampidae. Probably the best known planidium is the first-instar larva of 
Perilampus hyalinus Say which was found by Smith (1912) on the larval stage of the 
fall webworm, Hyphantria cunea (Drury), and as a hyperparasite of certain primary 


4The posterior margin of the sclerotized plates is considered as the posterior margin of the segment, and 
therefore the spines should be considered to be anterior on adjacent segments. Their position in this 
respect, however, is academic to the present description. 





48 THE CANADIAN ENTOMOLOGIST January 1961 


parasites. Since Perilampus hyalinus is also found in association with Neodiprion swainei 
larvae® it became necessary to discover a quick and easy method of distinguishing the 
planidia from those of Euceros frigidus. They are distinguished by the following 
features: The posterior margin of the head of Perilampus hyalinus is emarginate in 
contrast to the entire margin of Euceros frigidus; Perilampus hyalinus possesses on the 
caudal segment a pair of long stylets which are absent on Euceros frigidus; the ventral 
posterior margins of the body tergites of Perilampus hyalinus are serrate or toothed 
whereas on Euceros frigidus they are entire*. Unfortunately, these simple distinguishing 
features do not adequately separate Euceros frigidus planidia from all other known 
planidial forms of the Perilampidae or Eucharidae. For example, the posterior margin 
of the head and posterior lateral tergites of Perilampus chrysopae, as illustrated by Smith 
(1917) and Clancy (1946), are entire. However, all the planidia of Perilampidae 
appear to possess only 12 sclerotized body segments in contrast to the 13 of Euceros 
frigidus. Clausen (1940), who obtained advance information from Clancy and drew 
heavily upon this information, states that Perilampus planidia have 13 body segments, 
the thirteenth being represented by a caudal sucker. Although the caudal sucker of 
Perilampus chrysopae was illustrated by Clancy (1946) as a distinct segment for a total 
of 13, Smith (1917) illustrated the same species with only 11 body segments plus the 
caudal sucker for a total of 12. Other planidia of the genus Perilampus that have been 
described and illustrated as having only 12 distinct body segments are: Perilampus 
hyalinus (Smith, 1912) and (Parker, 1924); Perilampus species A, (Smith, 1912); 
Perilampus tristis Mayr. (Parker, 1924) and (Bergold and Ripper, 1937); Perilampus 
sp. from a tachinid parasite of a tortricid (Parker, 1924), and Perilampus sp. from 
Conocephalus sp. (Ford, 1922). 

Amongst the planidia of Eucharidae, the number of body segments appears to be 
only 12 or less (Parker, 1924). Clausen’s (1940) illustration of Schizaspidia tenuicornis 
shows only eight body segments; Oresema viridis Ashmead has eight or at the most 12 
(Wheeler, 1907); Psilogaster fasciiventris Brues has 11 or possibly 12 (Brues, 1919); 
and Stilbula cynipiformis Rossi has eight (Parker and Thompson, 1925). Again, Clausen 
(1940) states that “‘the normal number appears to be 12, with the thirteenth segment 
represented by the unsclerotized caudal sucker”, but his own illustrations of Chalcura 
deprivata Wl|k., and Schizaspidia manipurensis Claus. show only 12 body segments 
including the caudal sucker. 

The number of distinct body segments is apparently a valid anatomical difference 
to separate Euceros frigidus planidia (13) from those of Perilampidae and Eucharidae 
(12 or less). p 


Thompson (1915) described another planidium which he found attached to a 
noctuid larva that was feeding on witch-hazel. His description and illustrations, except 
for a few minor details, are so close to those presented herein for Euceros frigidus, that 
there is no doubt it was a Ewceros species. Thompson’s “planidium inconnu’’ is 
described as possessing 13 body segments. Although Parker (1924) included this 
planidial form in his treatise of the chalcids he was informed by Thompson that it 
probably belonged to another parasitic family. 


Behaviour 

Planidia remain upon their empty chorions until contact is made with the sawfly 
larvae (carriers). The presence of some dead and desiccated planidia upon egg chorions 
after the departure of the sawfly colony indicates that they do not leave the egg stalk 
in search of the carriers. Sawfly larvae appear quite unconcerned as they crawl amongst 
é ~ 5When in association with Neodiprion swainei, the adults of Perilampus hyalinus deposit their eggs 


beneath the scales of the needle fascicles of jack pine in the vicinity of the sawfly larvae. The author 
believes this to be an original observation. 


6For a ready comparison the reader may refer to Comstock’s Introduction to Entomology (9th. ed. p. 
940) or to Imm’s General Textbook of Entomology (9th ed. p. 691 





THE CANADIAN ENTOMOLOGIST 








ee, 


4é 


Figs. 8-10. Euceros frigidus Cress. 8. Head of planidium, ventral view. 9. Dorsal-lateral 
plate (sixth abdominal segment) of planidium. 10. Ventral hooks of planidium (2nd abdominal 
segment, left side). 


and over the stalked eggs. One individual may pick up several planidia but because of 
the colonial behaviour of the sawfly and the motility of the planidia they may transfer 
from one carrier to another. This was demonstrated by placing a sawfly larva, free 
of planidia, with another possessing several. Subsequent examination revealed plan- 
idia on both sawfly larvae. Further dispersal is possible later if the sawfly colonies 
intermingle. The details of planidial motility and attachment were observed by 
placing a planidium, together with a fragment of the sawfly integument, on a glass 
slide and observing at a magnification of 150. When crawling on a reasonably smooth 
surface, they move by contracting and extending the body, alternately fixing the 
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caudal and first body segments to the surface by means of the ventral hooks (Fig. 
10). This movement is similar to that of a geometrid larva, except that there is less 
looping action. When the planidium occupies a position between the folds of the 
integument, movement appears to be accomplished by means of the slender dorsal 
and ventral spines. In the extended condition the spines, which are located on articular 
membranes (Figs. 6 and 9), protrude at about 90° from the body. As the planidium 
contracts, each dorsal plate fits partly beneath the adjacent anterior plate, the grooves 
on the plates guiding the spines to a more or less horizontal position. Thus each spine 
performs as a miniature lever propelling the animal forward in much the same manner 
as one would row a boat. Such action is probably quite effective after the planidium 
becomes endoparasitic in a primary parasite. The planidia cling to the integument of 
the carrier by appendages located ventrally on the head but it could not be ascertained 
if the appendages are the functional mandibles or the minute mandibular-like processes 
(Fig. 8). The author believes that the latter are used for this purpose. 


Each planidium finally comes to rest between one of the many folds of the integu- 
ment (Figs. 11 and 12), usually just posterior to one of the thoracic legs. Here it 
becomes partly enveloped within a small pocket-like depression which apparently 
forms through the action of the | pega Normally, it does not enter the body of the 
carrier. Just prior to ecdysis of the sawfly larva it passes through the old skin and 
resumes an identical position on the new integument. Cast skins of carriers show a slight 
discoloration in the 0 of a brown ring around the holes through which the planidia 
have passed. 


The planidia remain on the sawfly larvae throughout the remainder of the season 
and hibernate externally = the prepupae within the sawfly cocoon. The length of 
the first stadium is, therefore, at least ten months. During this time, they obtain nou- 
rishment from the body fluids of the sawfly larva. This type of feeding is suggested by 
the turgid condition of some planidia. The process was also observed when a planidium 
and a small portion of integument and tissue from a prepupa were placed on a glass 
slide. The sawfly tissue was teased and pressed so as to allow as much light as possible 
to penetrate from the bottom. At a magnification of 600 the digestive system of the 
planidium was plainly visible. After about a minute, the anterior part of the mid- 
intestine was observed to undergo peristaltic action and bubbles o fluid to traverse 
the oesophagus and into the mid-intestine. This action continued until the sawfly tissue 
became dry, whereupon the planidium crawled upon the glass. Feeding by planidia 
on the carriers does not appear to affect sawfly development in any way. 


If the carrier is not parasitized by a primary parasite, the planidium transfers 
from the prepupal skin to the pupa the following spring and hence to the adult sawfly. 
The frequent occasions when planidia are located externally on the bodies of prepupae, 
pupae, and adult sawflies, plus the many unsuccessful attempts to rear Euceros on 
‘parasite-free’ sawfly larvae, clearly indicate that Euceros frigidus cannot develop 
to maturity as a primary parasite of Neodiprion swainei. Occasionally dead planidia are 
found within the bodies of larvae, pupae, and adult sawflies. No explanation can be 
given for this strange phenomenon. However, when the planidia do make contact with 
a parasite upon which they may mature, they apparently enter it and develop as 
endoparasites for living planidia have been dissected from the bodies of mature, 
primary-parasite larvae. 


Hosts of Euceros frigidus 


Identification of the hosts of Euceros frigidus were ascertained from examination 
of Neodiprion swainei cocoons from which Euceros frigidus adults had emerged. Figure 
13 shows diagrammatically the contents of one such cocoon where Olesicampe lophyri 
(Riley) was the primary parasite. The remains of the sawfly larva are located laterally 
between its cocoon and that of the primary parasite. Near the posterior end of these 
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Figs. 11-12. Neodiprion swainei larva with Euceros planidium in situ. 


remains are several dark melanized particles, one of which was identified as the egg 
chorion of Olesicampe lophyri?. Terminally, and enclosed by a partition of silk spun 
by Euceros, are the remains of the primary parasite. Associated with these remains are 
several early instar exuviae of Euceros, whereas beyond the partition are the exuviae 
of the final larval instar and pupa. All the contents, however, are very compact and 
may become completely disorganized if great care is not taken during dissection. Of 


the 15 cocoons examined, Olesicampe lophyri served as the primary parasite 12 times, 
Lamachus sp. twice, and Endasys subclavatus (Say) once. These proportions, however, 
are not necessarily an indication of host preference for, iri the area studied, Olesicampe 
lophyri was more abundant than the other two. The following notes on these primary 
parasites are presented to provide a full appreciation and understanding of the behaviour 
of Euceros frigidus as a hyperparasite. 


Olesicampe lophyri (Riley) (Ichneumonidae: Ophioninae) 

The adult attacks and oviposits in sawfly larvae at about the same time as Euceros 
deposits its eggs on the jack pine shoots. It hibernates as an early instar larva and 
completes its development the following spring as an endoparasite. The mature larva 
abandons the remains of Neodiprion swainei during early July and spins a flimsy, 
translucent, greyish cocoon. Normally, it pupates and emerges as an adult during the 
latter part of July (Table I). 

Positive identification of the primary parasite was made by comparing the cephalic 
structures taken from the remains of the final larval instar with those obtained from 
Neodiprion swainei cocoons from which Olesicampe lophyri had emerged. The cephalic 
structures of the last instar of Olesicampe lophyri (Fig. 14) have apparently not been 
figured elsewhere except for an illustration of the labial sclerite by Short (1959). In 
general, the structures are large and heavily sclerotized. The epistoma is incomplete. 
The superior and inferior mandibular processes are large and strongly sclerotized, the 
latter apparently bilobate. The mandibles are relatively small, narrowing abruptly 
to their short pointed blades. Pleurostomal bridges are lightly sclerotized, often 
diffuse. Hypostomal arms are long, quite diffuse terminally. Hypostomal spurs are 
heavy, sharp-pointed with irregular lateral margins. Each stipital sclerite appears 
twisted, its lateral portion often large and diffuse. Probably the most conspicuous 

7Other particles have been identified as encapsulated parasites, namely, Spathimeigenia spinigera Tnsd., 


Lamachus sp., Olesicampe lophyri, and Perilampus hyalinus. No evidence of the exuviae of the early larval 
instars of the primary parasite could be detected. 
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Fig. 13. Diagrammatic representation of sawfly cocoon from which Euceros frigidus 
Cress. emerged. 





feature of the cephalic structures is the very large labial sclerite. It extends well below 
the stipital sclerites, narrower ventrally. It is very strongly sclerotized, except for a 
pair of rounded clear areas which enclose the labial palpi. Each labial palp has two 
sensoria, the dorsal one rounded and the ventral one small and narrow. A pair of small 
oblong to oval clear spots exist on the labial sclerite ventral to the silk press. The 
maxillary palpi each have two sensoria. The antennal sockets are conspicuous but the 
antennae barely discernible. Lightly sclerotized diffuse areas are visible above and 
between the mandibles. 

The entire facial aspect has many setae, particular anterior to the mandibles. 
However, the number or position should not be considered as precise, except for two 
pairs ventro-lateral to the labial sclerite, two pairs near the labial palpi, and three pairs 
on the maxillaries. 

The spiracles consist of a simple spherical atrium (averaging only .017 mm. in 
diameter) surmounted upon a slightly wider chamber which leads to the broad tracheal 
arm (Fig. 15). The chamber (or stalk) below the atrium has a number of fine hair-like 
processes radiating toward the centre. According to Morris et al. (1937), spiracles 
without a closing apparatus seem to be typical of endoparasitic larvae. The integument 
bears numerous papillae which are generally semispherical to conical (Fig. 16). 

When the cephalic structures of this species are — with those illustrated 
by Short (1959) for Euceros thoracicus Cress., it is immediatel apparent that Short 
figured the primary parasite while overlooking the exuviae ft hyperparasite. If 
one is unfamiliar with the biology of Euceros, this is an understandable mistake. The 
greatly extended labial sclerite of Short’s illustration seems to indicate that the primary 
parasite of Euceros thoracicus was near Olesicampe. 
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Lamachus sp. (Ichneumonidae: Mesoleiinae) 

The life cycle and cocoon of Lamachus sp. are quite similar to those of Olesicampe 
lophyri. Lamachus may be identified, however, by the cephalic structures of the mature 
larva. These have been illustrated by Morris et al. (1937), Short (1959), and Finlayson 
(1960). Of the three, those illustrated by Short of Lamachus virginianus (Rohwer) bear 
the closest resemblance to the Lamachus sp. serving as a host of Euceros frigidus. Only 
two differences of any importance could be detected. The inferior mandibular process 
(posterior pleurostomal process of Short) in this species appears to be double (the 
outer process sharp and the inner process blunt), whereas on Lamachus virginianus it is 
figured as a single blunt process. Also the labial sclerite of the Lamachus sp. on hand 
bears on the dorsal arms a lateral process as well as the characteristic “bubble-shaped 
projections”. The lateral projections, which were figured by Beirne (1941) in Mesoleius 
tenthredinis Morley and Lophyroplectus luteator Thumb. were not observed by Short. 
He suggested that Beirne could have mistaken lobes of the stipital sclerites for lobes 
on the labial sclerite. In other aspects the specimens on hand —_ with Short’s ill- 
ustration of Lamachus virginianus, particularly in the blunt end of the hypostomal spur, 
the broadened toothed nature of the stipital sclerites, and the form of the mandibles. 
The species on hand may be Lamachus virginianus. There are, however, several 
species of Lamachus on Neodiprion swainei. and no doubt they could serve as hosts for 
Euceros frigidus as well. Lamachus species may be distinguished from other parasites 
of Neodiprion swainei by the labial sclerite being either open or diffuse, ventrally. 


Endasys subclavatus Say (Ichneumonidae: Cryptinae) 

The life cycle of Endasys subclavatus is quite different from that of Olesicampe or 
Lamachus. It attacks the cocoon stage of Neodiprion swainei during the autumn and again 
in the spring, resulting in at least two generations per year. It develops as an ecto- 
parasite. The mature larva spins many layers of silk to form an extremely dark brown 
to black cocoon. The exuviae of the early instars of Endasys subclavatus may be re- 
covered from the host remains. / 

The cephalic structures and spiracles of the last larval instar of Endasys sub- 
clavatus are illustrated by Short (1959) and Finlayson (1960). Of the two drawings, 
Finlayson’s bears the closest resemblance to material found associated with Euceros 
frigidus, particularly in respect to the large secondary tooth on the blade of each 
mandible. This feature was not illustrated by Short. However, the specimen on hand 
agrees with Short’s illustration in the form of the inferior mandibular process. Finlayson 
describes and illustrates this structure with two blunt struts but the feature is not 
apparent on specimens recovered from Neodiprion swainei cocoons. The spiracles of 
the specimens on hand are similar to that illustrated by Finalyson in that only one or 
two annulations exist between the atrium and the closing apparatus. 


Other Hosts and Carriers 

Specimens of Euceros frigidus obtained from the Canadian National Collection, 
Ottawa, show clearly that E. frigidus may utilize lepidopterous carriers (Table II). 
Ten of the specimens examined were reared from Semiothisa granitata Gn. (Geo- 
metridae), one from Melanolophia imitata W\k. (Geometridae), and one from an un- 
identified tortricid pupa. Most of the primary parasites serving as hosts for Euceros 
belonged to the Ichneumonid subfamily Ophioninae, tribe Campoplegini. Using the 
keys and illustrations of Short (1959) it was observed that four of the primary parasites 
from Semiothisa granitata were very near the genus Charops, two near the genus Olesi- 
campe, and one of the subfamily Cryptinae; three could not be identified. In the case of 
Melanolophia imitata the primary parasite was of the subfamily Anomalinae, near the 
genus Therion. The primary parasite of the Tortricid was of the subfamily Ophioninae, 
tribe Campoplegini. In all cases the host remains, cast skins, etc. were in positions 
similar to that observed when Neodiprion swainei serves as the carrier. 
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TaBLeE II 


Some hosts (primary parasites) and carriers of the hyperparasite, Euceros frigidus Cresson, as 
determined from specimens reared by the Forest Insect Survey in Canada. 








Survey number Locality Carrier Host 
and date (primary parasite) 





R. N’empeche, Semiothisa Ophioninae 
Quebec. granitata (near Charops) 
1937-2232 St. Theodore, Semiothisa Ophioninae 
Quebec. granitata (near Charops) 
1937-2822A St. Maurice, Semiothisa Ophioninae 
Quebec. granitata (near Charops) 
1937-2130 Stonecliff, Semiothisa Ophioninae 
Ontario. granitata (near Charops) 
1938-5994A Port Arthur, Semiothisa Probably 
Ontario. granitata Cryptinae 
1938-6298B Treesbank, Semiothisa Ophioninae 
Manitoba. granttata (near Olesicampe) 
1938-6251C Forest Reserve, Unknown Ophioninae 
Manitoba. (near Olesicampe) 
1943-4328 Lindup, B.C. Semiothisa unknown 
granitata 
1948-3429B Vernon, B.C. Semiothisa unknown 
| —_granitata 
1949-3089 Williams Lake, Semiothisa unknown 
B.C. granitata 
1952-P52- Ephingham Lake, Melanolophia Anomalinae 
1789-02 B.C. imitata (near Therion) 
1945-345- Otto, Ontario. Tortricid Ophioninae, 
926 pupa Campoplegini 


1937-2661 











Euceros frigidus as a Hyperparasite 


Since the planidia of Euceros exist externally on the sawfly larvae, they probably 
enter the Olesicampe or Lamachus \arvae after they abandon the sawfly remains, pre- 
paratory to spinning their cocoons. In the case of the ectoparasitic Endasys larvae the 
planidia could readily enter the early instars. In any event, the primary parasites 
always remain in sufficiently good health to spin their cocoons. Although it is apparent 
that Euceros planidia develop as endoparasites it is also apparent that the late stadia 
are passed as ectoparasites. The exuviae of the planidium were always found within 
the skin of the primary parasite or within the gut of the mature Euceros larva. Cast 
skins of intermediate instars were always locatéd externally on the remains of the 
primary parasite, whereas the exuviae of the mature larva were separated from 
the remains by the partition of silk (Fig. 13). Of the 12 cases involving Olesicampe 
lophyri, the following number of cast skins were located externally on the remains: 
one(twice), two(three times), three(six times), and in a single instance four cast 
skins were observed. Where only one or two skins were located, one or two more 
were probably overlooked. Nevertheless, from an examination of these skins, the 
number of instars may be estimated, and details of behaviour ascertained. In each 
case, the smallest skin (based on head capsule measurement and size of mandibles) diff- 
ered from the others in three distinct ways. First, the antennae, due to an enlarged 
base, appeared two-segmented (Fig. 17), whereas on the larger skins and on that of 
the mature larva they appeared as single segments. Second, the integument on the small 
skin was almost smooth with a few sparse spines on each body segment (Fig. 18), 
whereas on the larger skins the integument was covered with dense rounded to angular 
tubercles. The principal difference, however, is that no spiracles could be detected 
on the small skin whereas on the larger skins spiracles were quite obvious. From these 
observations it may be deduced that the small skin represents an endoparasitic instar 
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Figs. 14-16. Olesicampe lopbyri (Riley). 14. Cephalic structures of last larval instar. 
Legend: a—antenna, e—epistoma, h—hypostoma, h.s.—hypostomal spur, i.m.p.—inferior mandi- 
bular process, ip labial palp, Ibis.—labial sclerite, m—mandible, m.p.—maxillary palp, p— 
pleurostoma, s.m.p.—superior mandibular process, st.s.—stipital sclerite, sp.—silk press. 
(Terminology after Finlayson, 1960). 15. Spiracle of last larval instar. 16. Tubercles of 
integument of last larval instar. 


but that the moult occurred externally. The larger exuviae obviously represent ecto- 
parasitic instars. 

The average widths of the head capsules of the intermediate instars were 0.24mm., 
0.29 mm., 0.34 mm., and 0.37 mm., the interval in each case being about .05 mm. The 
divergence between the width of the smallest head capsule and that of the planidium 
is 0.16 mm. Despite the extremely small sample, and the danger of estimating instars 
on head capsule widths, it does appear that there exist at least one and probably two 
instars between the planidium and that represented by the smallest exuviae on the host 
remains, and that Euceros frigidus has seven to eight larval instars. The planidium, the 
second, third, and fourth instars developing as endoparasites with the fourth moult 
occurring externally and the fifth to the seventh or eighth instars as ectoparasites. Thus 
the exuviae of the planidium and the second and third instars should remain in the body 
of the host. However, the exuviae of the planidium are usually consumed as shown by 
their presence within the gut of the mature Ewceros larva*. The exuviae of the second 
and third instars are probably consumed also but would be difficult to detect if the 
integument were lightly sclerotized. 


8In addition to the exuviae, whole specimens of other planidia were sometimes found within the gut: 
both make excellent permanent mounts. 
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The mature larva of Euceros spins a partition of silk confining the host remains 
and exuviae of earlier instars to one end of the cocoon (Fig. 13). Thus, it pupates 
within the cocoon constructed by the primary parasite. The adult cuts small pieces 
from the two cocoons to form a jagged emergence hole near the end of the sawfly 
cocoon. Although this type of emergence hole may be distinguished from those of 
certain other parasites of Neodiprion swainei, it is, in itself, a poor diagnostic character- 
istic. The period of development from the time Euceros planidia first become hyper- 
parasites until the adult emerges is quite brief. During 1958, Olesicampe lophyri \arvae 
were observed to spin their cocoons during the first week of July and Euceros adults 
emerged during the first week of August. Thus, although over ten months are passed 
as planidia the entire development through the remaining six or seven larval instars, 
plus pupation, occurs in about one month’s time. 


Description of Mature Larvae 


The cephalic structures of the last instar of Euceros frigidus, as described by 
Finlayson (1960), differ slightly from the specimens examined during the present 
study. Specimens observed by Finlayson apparently were taken from the cocoons of 
Neodiprion sertifer, Neodiprion banksianae, and_Neodiprion nanulus. Amongst’ these, she 
found a “diversity of types’’. All the specimens examined during the present study were 
taken from Neodiprion swainei cocoons. With respect to the adults, Walley (personal 
communication) states that there is a “puzzling amount of variation’’. 

In general, only features that differ from those presented by Finlayson will be 
mentioned in the present description. The principal difference noted was in the 
epistoma (Fig. 19). Finlayson termed the epistoma complete, although she often found 
it to be “broken dorsally”’. In the present study, it was observed to be broken dorsally 
more often than otherwise. In any event, the dorsal portion is barely discernible. 
The specimens from Neodiprion swainei cocoons also differ in that: the antennae 
appear more blunt at the tip; the mandibles are more slender and less sclerotized; and 
a lightly sclerotized suspensorial sclerite is present. In figure 19 the number or position 
of the setae should not be considered precise, except for the two pairs on the labium, 
the two pairs in the maxillary area, and the three pairs on the clypeus. In addition, a 
number of clear spots are located on the clypeus, arranged more or less as illustrated. 
These variations, particularly that of the epistoma, may cause some confusion when 
keying-out specimens, but it is doubtful if the illustration by Finlayson or the one 
presented here could be mistaken for that of another genus. 


The atrium of the spiracles is circular (averaging .033 mm. in diameter), rather 
flat, and with top concave. The stalk is quite long with many conspicuous annulations 
(Fig. 20). The major part of the integument is covered with dense triangular papillae, 
with a few setae (Fig. 21). 


Summary 


Investigations of Euceros frigidus Cress. (Ichneumonidae) were conducted in the 
Province of Quebec as part of a larger study of the sawfly, Neodiprion swainei Midd. 
Observations on the egg and planidial stage were made in the field but details of its 
development as a hyperparasite were obtained by dissection of sawfly cocoons from 
which Euceros frigidus had emerged. 

The ovarian egg was found to possess a peculiar stalk-like appendage as part of 
the chorion which, upon oviposition, is drawn out into a slender thread about five 
times its original length. The eggs are deposited during July in groups of about 100 
on the foliage and stems of jack pine, Pinus banksiana Lamb., at a distance of about 
four inches from a colony of young sawfly larvae. The first-instar larvae, which are 
termed planidia because of their small size and motility, attach themselves to the 
integument of sawfly larvae which then serve as carriers and as a source of nourishment 
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Figs. 17-21. Euceros frigidus Cress. 17. Head capsule of intermediate larval instar (prob- 
ably 4th.). 18. Spines from integument of intermediate larval instar (probably 4th.). 
19. Cephalic structures of last larval instar. Legend: |.s.—lacinial sclerite, pr.s.—prelab‘al sclerite, 
s.s.—suspensorial sclerite. For names of other parts, see Fig. 14. (Terminology after Finlayson, 
1960). 20. Spiracle from exuviae of last larval instar. 21. Portion of integument from exuviae 
of last larval instar. 


until contact is made with their true hosts the following spring. Three primary parasites 
of Neodiprion swainei, namely Olesicampe lophyri Riley, Lamachus sp., and Endasys 
subclavatus Say, serve as hosts for Euceros frigidus. The hyperparasite probably passes 
through seven or eight larval instars, four as an endoparasite, and three or four as an 
ectoparasite. The adults cut their way through the sawfly cocoon and emerge in July. 
Illustrated descriptions of an ovariole, ovarian egg, deposited egg, and a planidium 
are presented. The deposited eggs and planidia are compared with corresponding 
stages of other insects with similar forms. The cephalic structure of the last instar of 
Euceros frigidus is illustrated and compared with that presented by Finlayson (1960). 
Also included are outlines of the life cycles of the three hosts with an illustrated 
description of the cephalic structures of the final instar of Olesicampe lophyri. 
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Life-History, Behaviour, and Ecology of the Clover Seed Midge, 
Dasyneura leguminicola (Lint.) (Diptera: Cecidomyiidae) , 
in Eastern Ontario 


By J. C. Guppy 


Entomology Research Institute, Research Branch 
Canada Department of Agriculture, Ottawa, Ontario 


The clover seed midge, Dasyneura leguminicola (Lint.), is one of the most 
important pests in red clover seed fields in Ontario wherever the double-cut 
varieties are grown. The larvae feed within the clover florets, destroying the 
ovaries; if numerous, they prevent many fields from producing seed crops worth 
harvesting. In 1951 and 1952 and to a lesser degree in 1953, severe damage oc- 
curred in seed fields in eastern Ontario (Guppy, 1958); since then populations of 
the insect have gradually declined. British Columbia, Quebec, and New Bruns- 
wick are the only other provinces in Canada from which damage has been 
reported. However, the insect probably occurs wherever red clover is found 
in Canada. 

Apparently there have been no critical studies of the biology of the insect 
in Canada. Some of the early Canadian entomologists (Saunders, 1882; Fletcher, 
1889) published reviews of work on the midge in the United States and 
formation on its economic importance in Canada. 

In the United States, the biology of the midge has been studied by several 
workers (Riley, 1879; Comstock, 1880; Lintner, 1884; Folsom, 1909; Creel and 
Rockwood, 1918; and Wehrle, 1929); in England, by Metcalfe (1933a). The 
most comprehensive studies are those of the last two authors; Wehrle’s paper 
includes a review of the distribution, economic history, and synonymy of the 
insect; Metcalfe’s paper gives the European distribution. The data reported by 
these workers were based largely on rearing studies. 

This paper presents the life-history, behaviour, and ecology of the insect in 
eastern Ontario as determined in the field near Ottawa from 1952 to 1959. 


General Methods 

Most phases of the study were carried out in growers’ fields, at Carp, Ont., 
25 miles west of the Central Experimental Farm, Ottawa, from 1952 to 1954, snd 
near Manotick, 10 miles south of Ottawa, in 1954. The rearing studies were 
conducted in a field cage at Merivale, five miles south of Ottawa, in 1955 and 
1956. Occasional observations were made in other areas of eastern Ontario from 
1952 to 1959. 

Seasonal-history studies were conducted in second-year fields of red clover; 
the first generation was studied in the first growth of clover and the second 
generation in the second growth. Data on the overwintered populations of both 
generations were obtained in third-year fields of red clover. Observations were 
made also in seedling stands. 

Because of the small size of the insect, plant and soil samples were usually 
examined in the laboratory. Eggs were removed from the plants by placing the 
clover heads singly in vials of water and shaking the vials until the eggs were 
washed free of the heads. The eggs were then strained onto a filter paper. 
Developing larvae were studied by examining clover heads and dissecting infested 
florets under a binocular microscope. Mature larvae were examined in the field. 
Cocoons for larval, pupal, or parasite studies were floated out of the soil samples 
with water and removed from the soil debris and water by a series of screens. 
Emergence of adults was determined with cages of galvanized iron, 10 x 10 
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inches, inverted-pail type, each fitted with one glass vial; each cage covered ap- 
proximately half a square-foot of soil. Emergence was recorded at 48-hour 
intervals. 

Longevity and fecundity of adults, incubation of eggs, and larval develop- 
ment were studied in a plastic- screen field cage similar to that described by 
Harcourt (1957). 


The durations of the developmental stages were determined in the seasonal- 
history studies supplemented by the rearing studies. 

The writer considers that a generation begins with the fertilized egg though 
other authors (Folsom, 1909; Wehrle, 1929) considered that the generations (or 
broods, Metcalfe, 1933a) of the midge begin with the adults. Hence, the adults 
that develop from the overwintered larvae of the two generations are the “first- 
generation adults” of the other authors, and the “first-generation adults” of the 
writer are the “second-generation adults” of the other authors. The terms 
overwintering and summer generations, or spring and summer generations (Creel 
and Rockwood, 1918), are not truly applicable to the midge in eastern Ontario, 
for part of the first generation hibernates. 


Host Relationships 


In eastern Ontario D. leguminicola was found feeding only on red clover, 
Trifolium pratense L. In 1955 and 1956, adults caged on green heads of red 
clover at Ottawa laid eggs readily. Adults caged similarly on green heads or 
racemes of alsike clover, Trifolium hybridum L., of Ladino clover, Trifolium 
rapens L., and of alfalfa, Medicago sativa L. laid no eggs. 

Recently, a closely related species of midge, Dasyneura gentneri Pritch., was 
described as a_pest of Ladino and alsike clovers in the United States (Bishop, 

1954), and was recognized as a pest of white clover in England (Milne, 1956). 
Adults of this species deposit their eggs in the open florets of the host rather than 
among the green florets as does D. leguminicola on red clover. The larvae 
develop in the open florets, which appear normal. In the United States, Folsom 
(1909) and Wehrle (1929) reported that they reared the clover seed midge from 
heads of alsike clover found in the field. Wehrle’s description of midge larvae in 
open florets of alsike clover closely resembles that of Bishop (1954) for the larvae 
of D. gentneri. 

Double-cut types of red clover are grown in the main clover areas of Canada, 
namely, southwestern Quebec, Ontario, the Maritimes, and the interior of British 
Columbia. Single-cut types are grown in Alberta, Manitoba, and parts of 
northern Ontario and northern Quebec. The clover seed midge is known to 
cause economic damage only to double-cut types and only when they are 
harvested for seed. 


During the first year of growth of double-cut clover in eastern Ontario a 
few flowering stems dev elop in late summer. In the second year, which is the 
cropping year, the clover grows rapidly and blooms about mid- June. The first 
growth is usually harvested for hay in June, preferably early in the blooming 
period. The clover recovers rapidly and produces a second crop for hay, pasture, 
or seed. Usually, only a small percentage of the plants continue to grow the 
third year (Nowosad et al., 1953). The clover seed midge attacks the flowers 
of both crops of the second year and the few flowers that are produced in the 
first and third years, or any red clover that may be in bud anyw here when the 
adults are present; but only the second crop of the second year is harvested for 
seed. 
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Fig. 1. Mature larvae of D. leguminicola; central larva, ventral view. 


Life-History and Behaviour 
Egg 
The eggs are laid on the green heads of red clover among the developing 


florets. They measure approximately 0.3 mm. by 0.08 mm., are slightly narrowed 
toward one end, and are pale orange. . 

In the field cage during July and August, 1955, the incubation period of 560 
eggs varied from 2 to 3 days, averaging 2.4. In the laboratory, at approximately 
72° F., the incubation period of 168 eggs averaged 2.5 days. 


Larva 

The newly hatched larva averages 0.29 mm. by 0.08 mm. in size and is pale 
orange in colour except for a reddish spot near the posterior end that is observ- 
able in the developing egg. The mature larva (Fig. 1) is pale pink, approximately 
3mm. by 1 mm. in size, and bears a sternal spatula. The developing and mature 
stages of the larva were described by Metcalfe (1933b). 

Shortly after hatching, the minute larva crawls to the top of an unopened 
green floret, works its way among the folded petals, and enters the top of the 
corolla tube. The larva enters the floret within 24 hours of emergence. 
Metcalfe (1933a) found tiny holes in the calyxes and corollas of florets and 
believed these to be the path of entry. At Ottawa, the larvae were repeatedly 
found in the tops of florets and often between the folded petals; Comstock 
(1880) and Wehrle (1929) reported similarly. 

Injury.—Once inside the corolla the larva moves to the ovary. It appears to 
begin feeding near the base of the style; necrotic lesions soon occur in this area. 
The ovary stops growing and is almost destroyed by the time the larva is mature. 
Other parts of the floret develop abnormally. The corolla is stunted and 
thickened; the petals change from green to pink almost normally but remain 
folded, enclosing the larva within the floret. The stamens continue to grow but 
are confined to the closed cavity of the floret and are therefore distorted. 
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Infested or damaged clover heads may be easily recognized in the field when 
they reach the bloom stage. The head appears normal except for the corollas of 
the infested florets, which do not elongate or unfold. 

In lightly infested clover heads usually only one larva enters a floret; in 
heavily infested heads as many as seven newly hatched larvae were found in one 
floret. Usually only one survives; only twice were two mature larvae found in 
one floret. 

Duration of Feeding.—To determine the duration of the feeding period, 25 
clover heads were collected in the study fields every two to three days when the 
eggs began to hatch. Five to 10 infested florets from each head were dissected 
and the development of the larvae was recorded. In 1952 and 1953, the period 
from hatching to larval maturity was 11 to 16 days, averaging 13. In rearing 
studies in the field cage in August, 1955, the feeding period averaged 11 days. 

Movement from Clover Heads.—Larvae did not always leave the clover 
florets as soon as they were fully grown. Apparently, the amount of moisture 
within the florets determines when the larvae drop to the ground. At Ottawa in 
1953, the first mature larvae were found in the florets on June 10 but none left 
the heads until June 19; light rain had fallen during the night of June 18 and on 
the following morning many larvae were found on the ground. Twice in 1953 
and once in 1954, infested clover was cut and dried in the field on canvas; the 
larvae left the drying heads only when rain soaked the heads during the night, 
hundreds of larvae being found on the canvas the next morning. However, 
movement from the florets is not entirely dependent upon rainfall, for larvae were 
often found on the soil surface during the early morning when no rain had been 
recorded. Apparently, heavy dews give sufficient moisture to cause a gradual 
movement fram the clover heads, whereas rain causes a sudden movement. In 
rearing studies, it was necessary to moisten the infested heads to induce move- 
ment from them, as found by Wehrle (1929) and Metcalfe (1933). 


Formation of Cocoons.—Upon reaching the ground, the larvae burrow into 
the soil and make small earthen cells, in which they spin tightly woven cocoons. 
The cocoons are difficult to find on the ground because soil particles cling tightly 
to them, making them appear as tiny lumps of soil. In sandy soils, the sand 
grains give them an irregular shape; in clay-loam soils they are smooth and oval. 


Most of the cocoons are found in the first half inch of soil. For 10,348 
cocoons recorded from 50 half-square-foot samples of soil removed at half-inch 
depths down to four inches, the percentages found at the different depths were: 


Depth in soil, in half inches First Second Third Below third 
Percentage of total cocoons 96.1 2.4 1.3 0.2 


Cocoons were found to a depth of three inches. Of those in the first half inch, 
54 per cent were at the soil surface. In the spring many cocoons were found to 
be partially exposed. Spring rainfalls or water from melting snow had evidently 
washed away the thin layer of soil that had covered them. 

All the larvae observed at Ottawa made cocoons, but Folsom (1909) and 
Creel and Rockwood (1918) found that some did not make cocoons. 


Pupation and Dormancy.—To determine when the larvae pupated, cocoons 
were collected from the field at three- to four-day intervals and dissected, and 
larval development was recorded. This was done from late April to mid-June for 
the overwintered larvae, from early July until mid-August for first-generation 
larvae, and from mid-August to September 30 for first- and second-generation 
larvae. 
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In 1953 and 1954, dissection of approximately 3,000 cocoons containing first- 
generation larvae showed that almost half of the larvae were quiescent for four 
to six weeks after they had made cocoons; they then pupated. The rest became 
dormant and spent the summer and winter as larvae. Direct observations on the 
development of the dormant larvae were not feasible after mid-August because 
those of the first generation could not be distinguished from those of the second. 


However, in early July in each of 1953 and 1954, 10 cages were placed over 
soil containing only larvae of the first generation. The numbers of adults emerg- 
ing in the cages were recorded in the summer that the soil was caged and in the 
same 10 cages each successive summer up to 1959. The numbers of adults emerg- 
ing in the various summers were: 


Summer First Second Third Fourth Fifth 
Soil caged, 1953 77 79 2 1 0 
Soil caged, 1954 157 133 0 3 0 r 


Of the adults emerging, approximately half emerged the first summer, two weeks 
to two months after soil infested with first-generation larvae was caged.’ To 
estimate the average date on which the larvae pupated, the date at which 50 per 
cent of the adults emerged in any one summer, less the average duration of the 
pupal stage, 14 days, was used. The duration of the larval stage in the first 
generation was estimated as 50 to 60 days for almost half the larvae that pupated 
shortly after making cocoons, and as 340 to 350 days for most of those that 
became dormant and up to three years for an occasional larva of this group. 


Apparently, about half the larvae of the first generation became dormant for 
one winter and a few became dormant for two to three winters. Of the various 
other workers on the midge, only Wehrle (1929) mentioned dormancy in the 
first-generation larvae, his observations being based on a few reared individuals. 
Prolonged periods of dormancy have been observed iri other cecidomyiid larvae 
(Barnes, 1952, 1958). 

In the fall and spring of 1953 and 1954 dissection of approximately 2,000 
cocoons containing first- and second-generation larvae suggested that all of the 
second-generation larvae hibernate and most, if not all of them, pupate the follow- 
ing spring. Although 12 per cent of the cocoons contained pupae when the 
second-generation larvae began to enter the soil about the third week in August, 
most of the pupae were nearly mature and were obviously of the first generation. 
A few days later, only three per cent of the cocoons contained pupae, which 
were also obviously of the first generation. In the first two weeks of September, 
only an occasional pupa was found; adult emergence data suggested that these 
also were probably of the first generation. The writer was unable to determine 
whether any second-generation larvae remain dormant for more than one winter. 
The duration of the larval stage in the second generation was estimated as 240 
to 320 days, averaging 275 days. 


Pupa 

Transformation from larva to pupa requires about four days. At first the 
larva straightens out and becomes motionless; in about 24 hours the thoracic region 
appears swollen and whitish, whereas the abdominal region does not change 
visibly. The third day, the appendages of the pupa can be seen, and on the 
fourth day the larval skin is shed. Folsom (1909) observed orange-colored larvae 
on the ground in April and made the following comments: “Some of these larvae 
make cocoons and some do not. In either event the larva contracts in length 
and its integument hardens and becomes duller in color, forming a puparium, 
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within which the pupa develops”. Obviously, the orange-colored larvae that 
Folsom saw could not have been the larvae of the clover seed midge. 


In 1953 and 1954, the duration of the pupal stage was estaimated as 10 to 19 
days, averaging about 14 days. 


Adult 


The adult has been described by Lintner (1879) and Metcalfe (1933a). It is 
a delicate fly, about 2 mm. long having a brownish-black thorax and a bright-red 
abdomen banded with black scales dorsally. The female is slightly larger and 
more robust than the male and has a retractable, whip-like ovipositor that is 
nearly twice as long as the body when fully extended. The male bears a pair 
of claspers on the tip of its slender abdomen. 


The adults are active during the day. The females remain inconspicuous 
near the lower part of the plant except during periods of oviposition, when they 
are easily observed laying eggs on the heads or resting on the heads, stems, or 
leaves. Males were observed in swarms among the plants, and on one occasion 
adults were observed swarming about three feet above the plants just before a 
light rainfall. Movement of the insect from old to new fields was not studied. 


Mating.—Mating and attempts at mating were observed in the field only 
occasionally. On May 31, 1954, at 9.30 a.m., two males attempted to copulate 
with one female resting on a leaf; both grasped her abdomen with their claspers. 
After a few seconds of struggling, one male flew away; the remaining pair were 
in copula for about one minute. At this time, the sky was overcast and the 
temperature was 68° F. On June 8, 1954, at 10.00 a.m., temperature 72° F., about 


15 males were observed to swarm in a sunny open area near a clump of timothy. 
They curved their abdomens downward and danced to and fro as though prepared 
to mate had a female been present. The swarm lasted about a minute and then 
dispersed. About the same time, seven or eight other males swarmed around an 
injured female on a leaf, as if seeking to copulate, and at times moved toward one 
another. None was successful in clasping this female and they finally dispersed. 


When newly emerged males and females were placed together in vials, they 
mated almost immediately. Mating lasted a few seconds to a minute. Males 
were capable of mating with at least two females, both of which laid viable eggs. 


Oviposition.—In the field, egg-laying began rather suddenly about 10.00 a.m. 
on an average day and continued through most of the day with no noticeable 
peak of activity. Oviposition was not observed earlier than 9.45 a.m. even though 
females were observed around the green clover heads earlier than this. They 
were observed laying eggs at all other times of the day up to 5.30 p.m., when 
observations were discontinued. Egg-laying occurred on both sunny or cloudy 
days at temperatures above 70° F. On one occasion egg-laying continued dur- 
ing a 10-minute light rainfall in mid-afternoon. On days that rain fell more or 
less continuously, no midges were seen to lay eggs. 


The eggs are laid among the developing florets of green clover heads in which 
the florets are just beginning to protrude through the surrounding bracts. Heads 
at this stage at Ottawa averaged about 8 mm. in diameter by 10 mm. in depth; an 
excellent view of such a head is given by Wehrle (1929). Occasionally, when 
large heads are scarce, as in years in which the midge emerges early, 1953 for 
example, eggs may be laid on heads with the florets still enclosed in the bracts, 
and the heads themselves still within the stipules. In these instances eggs were 
found in folded leaflets that develop on the bracts and on the short pubescent 
petiole near the base of the green head. In the field cage, adults caged on green 
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TABLE | 
Percentage frequencies of occurrence of various numbers of eggs 
of the clover seed midge in red clover heads in field study plots, 
Ottawa, Ontario, 1952 to 1954 








First generation Second generation 
Number of eggs 
per infested head 





1953 1954 1952 | 1953 








1-10 

11 - 20 

21 - 40 

41 - 60 
61 - 100 

101 - 200 
201 - 300 
301 - 400 
More than 400 


LS) 


85 55 
11 27 
4 12 
0 5 
0 1 
0 0 
0 0 
0 0 
0 0 


i) 


me Cy 
SONN HH OKOS 


Percentage 
of heads 


infested* 


Total number 
of eggs* 10,665 8,278 515 8,955 1,788 1,646 





* Based on 300 heads in late May and early June, first generation; on 350 heads in late July, 
August, and early September, second generation. 


heads near the bloom stage laid eggs; however, when the eggs hatched the heads 


were in full bloom and the larvae did not establish themselves in the open florets. 

When laying eggs the female rests on top of a clover head and probes be- 
tween the florets with her ov ipositor fully extended. The ovipositor may remain 
at each of several locations on one head for a few seconds to 25 minutes. The 
females move from one clover head to another. As many as five females were 
observed attempting to lay eggs on one head at the same time. Folsom (1909) 
stated that the eggs were usually glued to the hairs of the calyx. However, as 
observed by Comstock (1880) and Wehrle (1929), they lie free among the florets 
or between the florets and bracts, but adhere loosely to one another, to the florets, 
or to almost any object when removed from the clover head. 


Distribution of Eggs.—Infested clover heads in the field contained from one 
to as many as 612 eggs each, the larger numbers being more numerous in years 
when the ‘population was high ( Table I). Apparently the number of eggs per 
clover head depends on the number of the midge and the number of clover heads 
suitable for egg-laying. The latter varied little from year to year but the 
populations of the midge declined considerably from 1952 to 1954. As the 
number of eggs decreased the percentage of infested heads did not decrease 
proportionally (Table I), suggesting that the individual midges prefer to dis- : 
tribute their eggs among many clover heads rather than on one or two heads. 

Longevity and Fecundity.—Longevity and fecundity were determined i 
the field cage. Newly emerged adults were caged singly or in pairs in pores 
acetate cylinders on individual clover heads of potted plants. The cylinders were 
1% inches in diameter and 2 inches long and had a nylon-mesh sock on each end. 

Unmated females lived longer than mated females, averaging 1.9 days as 
compared with 1.2 days for mated females (Table II). Mated females laid an 
average of 96 eggs and most unmated ones laid no eggs. Males usually moved 
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TABLE II 


Adult longevity and numbers of eggs laid by the 
clover seed midge in a field cage, 
Ottawa, Ontario, 1955 | - 1956 





Life-span in days 
Number 


Adults , a — 
observed 





Range Mean 








Males 0.5 to 1.5 1.0 


Females, 
unmated | 1.0t03.0 | 0-3 
mated 0.5to2.5 | > 65-140 


about continuously during their short average life-span of one day. Females 
were usually less active and most mated ones began to lay eggs shortly after 
being caged on the clover heads; two females laid some of their eggs the first day 
and some the second day. Metcalfe (1933a) found that females laid eggs three 
hours to two days after mating. 

Four newly emerged adults were dissected. Their ovaries contained only 
fully dev eloped eggs, which ranged in number from 130 to 187 and averaged 155. 


Sex Ratio.—For 6,319 adults trapped in emergence cages in the field in 1953 
and 1954, the ratio of males to females for each generation each year was | to 1.5. 
Males always outnumbered females during the first few days of the emergence 
period. The 1953 and 1954 spring emergence records taken at 4-day intervals 
from mid-May to mid-June showed a sex-ratio pattern as follows: 


Four-day interval First Second Third Fourth Fifth Sixth Total 
Number of adults, 1953 327 1,290 1,042 1,104 361 105 4,229 
1954 222 597 539 174 129 37 1,698 
Percentage males, 1953 68 47 39 34 42 30 40 
1954 66 40 37 32 33 27 40 


During the peak period of emergence the sex ratio was near the average, 

1: 1.5. 
Seasonal History 

Seasonal Sovennpenent in eastern Ontario, in the three years 1952 to 1954 is 
indicated in Fig. 2. The midge overwinters as fully grown larvae in cocoons; 
most of these pupate the follow: ing spring, giving rise to the first generation. 
When the first-generation larvae mature, approximately half of them become 
dormant and the remainder pupate and give rise to the second generation. The 
second-generation larvae mature in the fall and hibernate with the dormant larvae 
of the first generation. 


Overwintered Population.—Most of the pupae from the overwintered larvae 
were found in the field from May 6 to June 16 but adult emergence records in- 
dicated that an occasional pupa occurred as late as the end of September. In 
1953 and 1954, about 60 per cent of the overwintered larvae had pupated by 
May 18. 

From 1952 to 1954, 12,000 adults were trapped in 75 emergence cages in the 
field during May and June (Fig. 3). Each year, about 90 per cent of the adults 
emerged within a two-week period, emergence being at its peak for six to eight 
days. Variations in the dates of emergence from year to year were apparently 
caused largely by temperature differences. The mean maximum temperature for 
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Fig. 2. Seasonal development of D. leguminicola in the field from 1952 to 1955. Solid 
areas represent average period of occurrence; straight lines indicate extreme range. 


the month of May, 1952, was approximately 4 degrees lower than the normal of 
66° F., that of May, 1953, was above normal, especially in the first two weeks, 
and that of May, 1954, slightly below normal. 

In an average year, emergence is probably greatest in the last week of May 
and the first week of June, w yhen the clover is in bud. Green clover heads, on 
which the insect lays its eggs, were alw ays most abundant in this period. In 
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Fig. 3. Numbers of adults from overwintered larvae emerging during two-day intervals 
in May and June, 1952, 1953, and 1954. 
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1953, the midge adults emerged early, about half of them before the clover buds 
were large enough for egg- -layi ing (See “Oviposition”); in 1952, they emerged 
late but there were still enough buds for normal egg-laying. 

Dispersal of the adults to fields of second-year red clover was not observed. 
However, they were always found in the second- year clover about the same time 
that they emerged in the third-year fields. The adults are relativ ely short-lived 
and probably move to the new fields shortly after emerging. 

First Generation.—The first-generation eggs and larvae dev elop in the first 
growth of red clover during late May and June (Fig. 2). 

During the egg- laying period, May and June, there be as a gradual rise and 
fall in the number of green clover heads suitable for egg laying as well as in the 
number of ovipositing adults; hence, the number of eggs per clover head varied 
greatly from week to week. The peak period of egg abundance was determined 
as follows: At weekly intervals, the green clover heads in each of 25 one- square- 
foot areas in the study field were counted; 50 green heads, two from each one- 
square-foot area, were collected at random and the eggs counted. The mean 
number of eggs per clover head was multiplied by the mean number of heads per 
square-foot to compute the number of eggs per square-foot for each week. 

The first eggs were found in the field on May 30, 20, and 25 in 1952, 1953, 
and 1954, respectiv ely; eggs were always scarce after June 19. The numbers of 
eggs per square-foot, “recorded at w eekly intervals during the egg period for each 
of the three years, were: 

May 22 May 28 June 5 June 11 June 19 June 25 
1952 0 0 1,578 822 40 5 
1953 8 482 1,225 49 
1954 0 13 113 30 

In each of the three years the largest number of eggs was found | in the week 
of June 5. In an average year most of the eggs of the ‘first generation may prob- 
ably be found in the field between May 28 and June 11. 

The first larvae of the first generation were observed in the field on June 2, 
May 22, and May 28 in 1952, 1953 and 1954, respectively; they were most 
numerous in the florets by about June 15 each year. A few larvae were fully 
grown as early as June 10, in 1953: 70 to 80 per cent finished feeding by about 
June 20 in each of the three years and began to leave the clover florets. Most of 
the larvae had dropped to the ground by the last week of June. 

Pupae were found in the field as early as July 16; however, adult emergence 
data indicated that a few larvae must have transformed to pupae early in “July. 
Dissection of 50 to 100 cocoons every three to four days during July and August, 
1953, showed that about 80 per cent of the larvae that did not enter dormancy 
that summer had pupated by August 4; the presence of empty cocoons suggested 
that about 20 per cent of these ‘had already given rise to adults. Only an oc- 

casional pupa was found after August 25 and none after September 14. 

About 90 per cent of the first-generation adults in 1953 and 1954 emerged 
within a five-week period during late July and August (Fig. 4); this was about 
three weeks longer than the emergence period for adults from overwintered 
larvae in May and June of 1952, 1953, and 1954 (Fig. 3). Counts of eggs sug- 
gested that emergence of first-generation adults in 1952 extended over the same 
five-week period as in the other two years. In 1954, one adult emerged as early 
as July 16; in 1953, one emerged as late as October 22. 

The mean duration of the first generation from egg to adult was approx- 
imately 70 days for those individuals that did not go into dormancy as mature 
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ig. 4. Numbers of adults of the first generation emerging during four-day intervals in 
July, August, and September, 1953 and 1954. 


larvae, and about one, two, and three years for those individuals that were 
dormant for one, two, and three winters respectively. 

Second Generation.—The second-generation eggs and larvae develop in the 
second growth of red clover during late July, August, and September. As in the 
first growth of red clover, the number of green heads gradually rose and fell 
during the egg-laying period; hence, the method used to determine the peak 
period of egg , abundance was the same as for the first generation. 

The first eggs were found in the field on July 22, 24, and 20, in 1952, 1953, 
and 1954, respectively; only a few eggs were found after September 4. The 
numbers of eggs per square foot, recorded at weekly intervals during the egg 
period for each of the three years, were: 

July 22 July 29 Aug. 5 Aug. 12 Aug. 19 Aug. 27 Sept. 4 
1952 35 329 485 384 376 75 20 
1953 0 14 155 70 17 46 6 
1954 10 88 120 90 . 99 19 6 


In an average year most of the eggs of the second generation may probably 
be found in the field between July 29 and August 27. After August 27 green 
clover heads were very scarce, usually less than one per square foot. Most of 
the adults that emerged after this time probably laid their eggs in the fields of 
seedling clover; some heads developed in all the seedling stands in late August 
and September and a few eggs were found on these up to the end of i penges 

Newly hatched larvae were found in the clover heads as early as July 22, in 

1952, but they were not numerous until early August in any of the three years. 

Fully grown larvae were found in early August and were rather common by about 
August 15. During most of August’ and ‘early September the florets contained 
larvae in all stages of growth. ‘The fully grown larvae dropped from the florets 
to the ground from the third week of August to early September; by mid- 
September few larvae were found in the florets. 

The mean duration of the second generation from eggs to adults that 
developed from overwintered larvae was about 295 days. 


, Natural Control 
Parasites 

From 1951 to 1955, six species of Hymenoptera were reared from larvae of 
D. leguminicola. Five of these were identified by Dr. O. Peck of the Entomology 
Research Institute, Ottawa, as follows: Ceraphron sp. (Ceraphronidae), Cono- 
stigmus sp. (Ceraphronidae), Platygaster sp. ( Platygasteridae), Pseudotorymus 
lazulellus (Ashm.) (Torymidae), and Tetrastichus nebraskensis (Grit.) (Eulo- 
phidae). Tetrastichus pausiris (Wlkr.) (Eulophidae) was identified by Dr. M. 
W. R. de V. Graham of Oxford, England. Apparently none of these species 
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TABLE III 


Parasitism of larvae of the clover seed midge in florets of red clover, 
Ottawa, Ontario, 1953 to 1955 








Host larvae Percentage parasitized by 


I » %ercentage “— e) 
Number Percentage P. lazulellus T. pausiris | T. nebraskensis 
observed parasitized 








| First-generation larvae 
10,558 
3,921 
2,910 


Second-generation larvae 


7 
4 














had previously been recorded from this host. P. Jazulellus is a common parasite 
of Harmolita sp. (Hymenoptera: Eurytomidae); it has been reported from On- 
tario, Connecticut, and Colorado (Peck, 1951). T. mnebraskensis has been 
reported from Nebraska and South Carolina but apparently the hosts in these 
areas are not known (Peck, 1951; Burks, 1958). 7. pausiris has no other known 
hosts; this is the first record of the insect’s occurrence in North America. Ap- 
parently it was known previously only from Great Britain (Dr. O. Peck, in litt.). 
The other three parasites are probably undescribed species (Dr. O. Peck, in litt.). 

In the United States, Comstock (1880), Saunderson (1901), Folsom (1909), 
and Wehrle (1929) reared six or seven other species of Hymenoptera from larvae 
of the clover seed midge; in England, Metcalfe (1933a) reared two species. 

To determine the percentages of parasitism caused by P. Jazulellus, T. 
nebraskensis, and T. pausiris, clover heads infested with larvae of the midge were 
collected at random in the study fields. The infested florets were removed from 
the heads and placed in vials in the laboratory, where the parasites emerged. The 
resulting data (Table III) suggest that two generations of P. Jazulellus develop 
annually. Parasitism of the second-generation larvae by the two species of 
Tetrastichus was almost negligible, suggesting that only a few individuals develop 
through two generations annually on this host. 

Eggs of one or more of these three species were occasionally observed inside 
the clover florets when the midge larvae were about half-grown, and the eggs 
apparently did not hatch until the host was almost mature. Parasite larvae in 
various stages of growth were commonly observed feeding externally on the 
midge larvae when florets were dissected. The larva of each of the three species 
pupated inside the floret and the adult emerged by chewing a hole in the side. 

Platygaster sp. was reared or dissected from cocoons of the midge. Most 
species of Platygasteridae that attack cecidomyiids deposit their eggs within the 
host egg, development and emergence taking place in the later stages (Clausen, 
1940). Parasitism was not apparent until the parasite larvae were nearly mature. 
The parasites fed internally, usually singly; occasionally, two developed in one 
host. As the parasite larva matured, the midge larva died and its body became 
inflated, greyish, and translucent. Pupation took place in the inflated body. 

The mature larvae and pupae of Platygaster sp. were most abundant in host 
larvae that had wintered in the field. Dissection of 1,300 host cocoons from late 
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April to mid-July, 1954, showed that approximately 11 per cent of the over- 
wintered larvae were parasitized. During August and September, 1953, dissection 
of 2,500 cocoons showed that approximately four per cent of the larvae of the 
first generation were parasitized. 


Ceraphron sp. and Conostigmus sp. were dissected from host cocoons as 
mature larvae or pupae; the host was always completely destroyed. Superpara- 
sitism occurred, there being three larvae or pupae of Ceraphron sp., or two of 
Conostigmus sp., per host cocoon. No remnants of the host were found in the 
cocoons. According to Clausen (1940) most, if not all, of the Ceraphronidae 
develop externally in the cocoons or puparium of the primary host, or in the 
dead body of the secondary host. Therefore, the initial attack by these two 
parasites probably occurred after the host had formed its cocoon. Both species 
were found in overwintered host cocoons during June, in cocoons of the first 
generation in August, and in mixed populations of the first and second generations 
in September. Ceraphron and Conostigmus were scarce; of 3,800 cocoons dis- 
sected in 1953 and 1954, six contained Ceraphron sp. and three Conostigmus sp. 


Predators 

Orius insidiosus (Say) (Hemiptera : Anthocoridae) was observed to attack 
and feed on a mature larva while the writer was examining red clover heads in 
the laboratory. The tiny predator fed on the midge larva until all the fluid con- 
tents of the body were imbibed. Folsom (1909) found that this species preyed 
on both adults and larvae of the midge. 

During June, 1954, while searching the soil for midge larvae that had begun 
to drop from the clover heads, the writer observed a formicid carrying a midge 


larva. The ant escaped with its prey into a crack in the soil. Two other midge 
larvae that were placed on the soil were also carried off by ants. Ants collected 
from the same field were identified by Mr. C. D. F. ‘Miller of the Entomology 
Research Institute, Ottawa, as Lasius sitkaensis Pergande (Formicidae), which 1s 
known to carry dead and crippled insects to its nests (Wilson, 1955). L. 
sitkaensis was rather abundant in the study field and possibly carried off many 
midge larvae as they dropped from the clover heads. 


Larval Competition for Food 

Rather severe competition among newly hatched larvae of the first generation 
for clover florets was noted in 1952 and 1953. Adults were numerous during 
both years and large numbers of eggs were laid on many of the clover heads. 
For example, in 1952, 32 per cent of the clover heads contained 101 to 200 eggs 
and 12 per cent contained 201 to 300. The number of florets in the average 
clover head in the study field was only about 120. Therefore, larvae in excess of 
120 were competing for florets in which to feed and develop, since rarely does 
more than one larva survive in each floret. 


Weather 

Snow cover may have had some effect on the survival of overw intering larvae. 
In late April each year from 1952 to 1954, dissection of 500 cocoons containing 
larvae that had wintered in the field showed the followi ing mortalities: 1952, 2.2 
per cent; 1953, 17; and 1954, 2. The high mortality during the winter of 
1952-53 was possibly due to abnormally sparse snow cover through most of the 
winter. 

A severe drought occurred at Ottawa in 1955; the second growth of clover 
was generally poor and the bloom was over in mid-August. No first-generation 
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adults emerged until late August, at which time in most fields there were no green 
clover heads for oviposition. In one field under observation there were no 
second-generation larvae in 1955, although overwintered larvae were easily found 
in the same field in the spring of 1956. These could be none but first-generation 
larvae of 1955 that had entered dormancy. 


Summary 


Field studies on the clover seed midge in eastern Ontario from 1952 to 1959 
showed that approximately half of the first-generation larvae give rise to a second 
generation that hibernate as mature larvae. The other half of the first generation 
also hibernate as mature larvae; a few remain dormant up to three years before 
pupating. 

Adults were observed mating about 9.30 a.m. at temperatures of 68 to 72° F. 
Egg-laying began about 10.00 a.m. and continued throughout the day at tem- 
peratures above 70° F. Females laid eggs among many clover heads, including 
some that already contained eggs. In a field cage males lived 0.5 to 1.5 days; 
mated females lived 0.5 to 2.5 days and laid an average of 96 eggs. In July and 
August the incubation period of 560 eggs averaged 2.4 days. 


Within 24 hours, the newly hatched larvae entered the green florets through 
the folded petals and fed for 11 to 16 days. The mature larvae dropped from 
the florets when the heads were moistened by rain or dew and made cocoons, 
usually just below the soil surface. The duration of the larval stage, first genera- 
tion, was 50 to 60 days for non- -hibernating larvae and about 345 days for most 
of the hibernating larvae; second-generation larvae pupated in about 275 days. 
The pupal stage lasted an average of 14 days. 


Overwintered first- or second-generation larvae pupated in mid-May. Most 
of the adults emerged in late May and early June and laid eggs in the first growth 
of red clover. Mature larvae began dropping to the ground about June 20. 
Most of the non-hibernating larvae had pupated by August 14. First-generation 
adults emerged in late July and August and laid eggs in the second growth of red 
clover. In August and early September the clover heads contained larvae in all 
stages of growth. Mature larvae began dropping to the ground about August 20. 


Six species of Hymenoptera were reared from the larvae, apparently for the 
first time: Pseudotorymus lazulellus (Ashm.), Tetrastichus nebraskensis (Grit.), 
Tetrastichus pausiris (Wl\kr.), Ceraphron sp., Conostigmus sp., and Platy gaster 
sp. T. pausiris had not previously been recorded from North America. 


Red clover was the only host of the midge in eastern Ontario. 
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A Trap for Studying the Attacking Behaviour of Black Flies, 
Simulium arcticum Mall.* 


By F. J. H. Frepeen? 


Entomology Section Research Station, Research Branch, Canada Agriculture 
Saskatoon, Sask. 


A study of the attacking behavior of Simmulium arcticum Mall., an important 
pest of livestock in Saskatchewan, is required to guide livestock management 
practices during outbreaks. Such a study has been hampered by the lack of 
a convenient device for obtaining collections representative of attacking popula- 
tions. 

Black flies are positively phototropic (Williams and Davies, 1957) and light 
traps may collect representative samples of those that are active during the night. 
However, S. arcticum has been observed to attack animals almost exclusively in 
the daytime; thus light trap collections are unlikely to be representative of the 
numbers seeking blood. Two traps have been designed to collect black flies 
in the daytime, one required the constant presence of an observer who also 
acted as bait (Monchadski and Radzivilovskaja, 1948); the other relied on a bait 
of ground beef and tallow to attract the insects (Davis and James, 1957). This 
latter trap proved effective for collecting S. vittatum Zett., a species that common- 
ly attacks horses in the ears. However it collected males, which do not attack 


1Contribution No. 21, Canada Department of Agriculture Research Station, Saskatoon, Sask. 
2Entomologist. 





74 THE CANADIAN ENTOMOLOGIST January 1961 


animals, as well as females. Thus neither of these traps filled the need for a 
simple trap that could be used to assess the attacking behaviour of S. arcticum. 

Breev (1950) observed that S. tuberosum Lund. and S. pusillum Fries, 
which usually attacked the undersides and legs of reindeer, would land on the 
shaded surfaces of a dead reindeer or on a reindeer hide or even a dark rubber 
raincoat thrown over a frame. 

Blood-seeking S. arcticum females assemble near animals and other objects, 
and also usually attack an animal on its ventral surface. In a dark enclosure 
they move readily towards a bright light. These facts were used in devising a 
trap for the blood-seeking females of this species. 


Materials and Methods 


Basically the trap consisted of a four-legged frame with the upper two- 
thirds and the top covered with a dark-brown plywood or a dark-blue denim 
cloth. Davies (1951) showed that these colours were attractive to certain 
species of black flies. The underside was left open, but direct sunlight was 
admitted to the dark interior only through an opening in the top. A clear 
plastic cone terminating in a removable glass jar was fitted over this opening. 
It was expected that blood-seeking females of S. arcticum would be attracted 
to the trap and, in attempting to attack the open underside, would enter the 
dark interior. Once inside the trap they would fly upward to the sunlit apex 
and be trapped in the glass jar. 

Three forms of this trap were constructed. The largest, termed the “cow 
silhouette trap” because of its size and shape, was four feet high, five feet long 
and two feet wide, with an underside opening of ten square feet (Fig. 1). The 
second, termed the “sheep silhoutte trap” was 18 inches high, two feet long 
and one foot wide, with an opening of two square feet (Fig. 2). The third, 
termed the Bi -spens silhouette trap” was 4.5 feet high, three feet square at 
the bottom of the canopy, with an opening of nine square feet (Figs. 3 and 4). 
This trap was collapsible to permit transportation in a car. Dark cloth was 
spread on the ground beneath this trap to darken its interior. 

For testing, the three traps were placed within a few feet of one another in 
a pasture near Saskatoon during the summer of 1957. Bait was not used. A 
standard light trap, equipped with a time switch that turned on an electric 
light and suction fan nightly between the hours of 6:00 p.m. and 6:00 a.m., was 
suspended about 100 feet away under a green metal canopy with an underside 
opening of 1.4 square feet. A building stood between the light trap and the 
other three traps. 

The “cow” and the “sheep silhouette” traps and the light trap were operated 
continuously for 105 days from June 22 to October 4. The “pyramid silhouette” 
trap was operated for 89 days, June 29 to July 3, July 6 to 9, and July 17 to 
October 4. S. arcticum adults, first observed at Saskatoon on May 24, were 
particularly abundant during the last week of June and the first week of July, 
and were last observed about October 4. Hence the trapping period covered 
the major portion of observed black-fly activity. The traps were emptied 
once daily at 9:00 a.m. during June and July, twice weekly during August, and 
once weekly thereafter. They were emptied twice daily, at 9:00 a.m. and at 
5:00 p.m. C.S.T., approximately four hours after sunrise, and four hours before 
sunset, during the four day period of July 5 to 8. 


Results and Discussion 


Collection data (Table I) show that the “cow silhouette” trap was the most 
effective of the three silhouette traps. Collections by these three traps, adjusted 
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Fig. 1. Cow silhouette trap. 
Fig. 2. Sheep silhouette trap. 
Fig. 3. Pyramid silhouette trap. 
Fig. 4. Pyramid silhouette trap, collapsed for transportation. 


to the same length of trapping period, were in the ratio of 30:1:10. This ratio 
is almost identical to the ratio between the figures obtained by multiplying the 
surface area of each trap by the area of the opening on the underside. Thus 
it would appear that the effectiveness of these silhouette traps was a direct 
function of surface area and size of opening, regardless of shape. 


The silhouette-trap collections, though smaller than those of the light 
trap (Table I) appeared more representative of the attacking populations. 
Local animals were attacked most severely by black flies on four days, June 22 
and 23 and July 3 and 6. The silhouette traps collected 53 per cent of their 
season’s catch of unfed females, whereas the light trap collected only 19 per 
cent, on those four days. Some of the largest collections by the light trap 
(Fig. 5) were obtained on days when livestock were not severely attacked. 
Furthermore, it was observed that the silhouette traps collected most black 
flies during a one- to two-hour period before and after sunset, when nearby 
animals were most severely attacked. They collected no black flies after dark 
when the insects did not attack animals, 


Unexpectedly, the light trap, as well as the silhouette traps, collected black 
flies during the daylight hours when neither the light nor the suction fan were 
operating (Table II). It is possible that the insects were attracted to the 
canopy over the light trap in the same manner as to the silhouette traps, were 
overcome by the cyanide fumes and dropped into the collecting jar. 
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Taste I, 


Black-fly, Simulium arcticum Mall., collections from a light trap* and three silhouette traps* 
at Saskatoon, Sask., June 22 to October 4, 1957. 








Per cent 





Noof | Total ) 
days trap| collected Unfed | Blood-fed| Gravid 
operated Males females | females | females 





105 2458 0.7 94.7 2.7 1.9 
Cow silhouette trap 105 932 0.3 97.7 1.2 0.8 





Sheep silhouette trap 33 97.0 


Pyramid silhouette trap ; 97.9 

















*See text for description. 


Though the traps were termed silhouette traps the source of the attraction 
for black flies was not investigated. However, the black flies usually formed 
a loose swarm around the trap, or on the lee side on windy days, as they did 
around nearby animals. They also tended to congregate under the trap as 
under nearby animals. 

Heat from the sun-warmed surfaces of the trap could have been at least 
partly responsible for attracting the black flies. Peterson and Brown (1951) 
showed that Aedes aegypti (L.) females were attracted to a source of con- 
vective heat but not radiant heat. A helio-thermal trap built by Thorsteinson 
(1958) attracted as many as 40 females of Tabanus and Chrysops in a single 
day. This trap consisted of a transparent outer covering and an inner black 
body which absorbed radiant solar energy and raised the internal temperature 
as much as 16°C above that of the air outside. 

However, the internal temperature of the silhouette trap was only slightly 
higher than the air temperature outside. Thus it appears unlikely that the black 
flies were attracted into the trap by high temperature as in the case of the 
tabanids. It seems more likely that the black flies were attracted to the shade 
offered by the darkened interior of the trap, in view of their natural tendency 
to land on the shaded surfaces of animals. 


TABLE II. 


Black-fly, Simulium arcticum Mall., collections from three silhouette traps* and a light trap* 
at Saskatoon, Saskatchewan, July 5 to 8, 1957 








or o 
/0 0 
captured during captured during 
Total main part of the {remainder of day and 


collection day, 9 a.m. to at night, 5 p.m. to 
5 p.m. C.S.T. Fam. CAT. 


Cow silhouette trap | 164 29 71 





Sheep silhouette trap 5 0 100 





Pyramid silhouette trap 19 81 
Light trap | 22 78 








*See text for description. 
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COLLECTED BY 


THE “COW SILHOUETTE” TRAP. 


COLLECTED BY 
THE LIGHT TRAP. 


NUMBER OF UNFED FEMALES 





I j 1 | 
26 27 28 29 #30 #1 2 
JULY 


DAYS 
Fig. 5. The collection of unfed female black flies, Simulium arcticum Mall., by two traps. 
June 22 to July 12, 1957, at Saskatoon, Sask. 





Once the black flies were inside the dark interior their behaviour apparently 
changed because they were observed to fly rapidly upwards in circles or some- 
times directly into the sunlit jar in the apex. 

The silhouette traps appear to be very similar in basic design to Thorstein- 
son’s helio-thermal traps (1958). Though the silhouette traps were not designed 
primarily to abserb solar heat this did occur and undoubtedly contributed to 
their ability to attract black flies. Likewise, the helio-thermal trap presented 
a prominent silhouette which may have been a factor in its attraction to taba- 
nids. However, the silhouette traps appear to have been specific for the insect 
for which they were designed. They did not collect any tabanids or mosquitoes, 
though these were observed attacking nearby animals throughout much of the 
test period. 


Summary and Conclusions 

Three forms of a newly devised trap, termed a silhouette trap, collected 
blood-seeking females of Simulium arcticum during daylight hours. Previously, 
this black fly has been collected only in light traps at night and from animals 
in the daytime. The effectiveness of these traps was observed to be a direct 
function of surface area and size of undersurface opening rather than shape. 

A light trap collected more than twice as many black flies during a 105-day 
test period as did a “cow silhouette” trap, the most successful of three forms 
of the new trap. However, collections from the silhouette traps were more 
representative of the attacking population than those of the light trap, suggest- 
ing that it may be used to quantitatively investigate the behaviour of blood- 
seeking females of S. arcticum, and other species that attack large animals alon 
the underline. This includes some of the worst black-fly pests in the world. 
This simply constructed trap may also be used in areas not served by electricity 
and does not require baits. 
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The Survival of Adults of the White Pine Weevil, Pissodes strobi 
(Peck), Labelled with Radioactive Cobalt’ 


By C. R. SuLtivan 


Forest Insect Laboratory, Sault Ste. Marie, Ontario 


In studies of the behaviour of adults of the white pine weevil, it has been 
reported by Sullivan (1953) that the movements of the beetles can be traced over 
long periods of time by means of Co® tags attached to the elytra. Observations 
of the labelled insects over several months were feasible because of the long 
half-life and high specific activity of this isotop¢. Tags containing approximately 
200 to 500 ue of radioactive cobalt did not have any appreciable effect on the 
survival of the insects over periods of one to two months, but records of the 
longevity of labelled insects revealed excessive mortality after several months. 
As field trials had indicated that the amount of isotope in the tags was in excess 
of that required for accurate detection of the insects, the work was continued in 
an effort to determine the effects of different quantities of the isotope on short-, 
and long-term survival. 


In the preparation of the labels, the cobalt (as cobalt nitrate in acetone) was 
mixed with a de Kotinsky cement-benzene solution. This mixture adhered more 
firmly to the insect elytra than the cellulose acetate base a er employed 
previously (cf. Sullivan, (1953)). The approximate amount of cobalt in the tags 
for each insect was determined by comparison against a standard cobalt source. 
In the study, 102 adults were tagged with labels containing amounts of Co” 
ranging from about 50 to 400 uc (see Table I). In the first phase of the study, 
the insects were placed individually in small inverted rearing jars attached to white 
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TABLE I 


Autumn and winter mortality of P. strobi exposed to radiation from labels containing different 
amounts of Co®, 








Percentage Mortality 
Number of 
insects 





Sept.-Oct.* |  Sept.-April** 
30.0 





48.5 
81.3 
100 
Control 


*A total of 57 days during active period. ; . ¥ 
**A total of 266 days including above active period and 209 days of hibernation. 


pine trees in late August and were examined at 24-hour intervals over a 57-day 
period corresponding with the normal activity period before hibernation. Fresh 
food was supplied at regular intervals. In order to determine overwintering 
mortality, the survivors were removed from the jars and placed in small inverted 
cone-shaped screen cages at the base of the trees in late October. On resumption 
of activity the following spring (mid-April), the surviving beetles moved to the 
upper part of the cages in response to light, and the survivors were recorded. 


It is clear from Table I that exposure to tags containing about 250 uc of Co 
or less did not significantly affect the survival of active beetles during the two 
months before hibernation. With greater amounts of the isotopes during this 
period, mortality was appreciable. Long-term exposure of nine months, how- 
ever, resulted in increasingly severe mortality among insects with tags containing 
more than about 50 wc. At the 50 uc level, however, mortality was negligible. 


This work has shown that radioactive cobalt tags can be usefully employed 
in behavioural studies dealing with the dispersal of the white pine weevil. For 
short periods of one to two months, survival is not seriously affected by tags 
containing about 250 uc or less; such tags are easily detectable at distances of 
about 15 feet with a portable Geiger radiation probe. For periods extending over 
nine months or more, it is necessary to limit the tags to about 50 wc of cobalt. 
Tags containing this relatively small amount of isotope, the amount used in studies 
of the dispersal of the European pine shoot moth, Rhyacionia buoliana (Schiff.) 
(Green et al., 1957), are still readily detectable at about 5 feet. 
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A New Parting Agent for Preparation of Inflated Larvae 


By J. K. Harvey 


Forest Biology Laboratory, Vernon, B.C. 


In an article on inflating insect larvae, the writer (1957) prescribed the use of 
C— to prevent the larval skin from sticking to the glass inflating tube. 
Vaseline and glycerine were formerly used for this purpose but they have not 
been satisfactory. The Technical Information Service of the National Research 
Council of Canada was consulted about better parting agents and through their 
aid an entirely satisfactory substance was obtained. The compound is of the 
silicone type; it has the consistency of petroleum jelly, is heat stable, and has 
greatly improved the efficiency of larval inflation at the Vernon laboratory. The 
commercial name of this compound is “Slipicone” made by Dow Corning Sili- 
cones Ltd., Tippet Rd., Downsview, Toronto, Ontario. 
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